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The vast reserves of strippable Icw-sulfur coal in the Northern 
Great Plains (NGP) states of Montana, Wyoming, and North Dakota 
have undergone rapid development due to the expanding utility 
steam-coal market. Studies in the mid-1970's found that NGP coal 
demand was sensitive to air pollution control policy. 
Substantial changes have occurred that influence the parameters 
defining the market area. The objective of this study was to 
define the new NGP market area and assess its sensitivity to air 
pollution control policy and other variables.
The theory of spatial markets is utilized to identify a Base 
Case 1980 domestic NGP market area and test its sensitivity to 
flue gas desulfurization (FGD) costs, coal prices, coal 
transportation costs, and real price escalation rates. A review 
of PGD policy and costs found that the 1979 Revised New Source 
Performance Standards for coal-fired power plants significantly 
increased the minimum scrubbing costs for NGP coal.
NGP coal is forecast to be compétitive in an 18 state market 
area (new plants): WA, OR, ID, MT, 00, WY, ND, SD, NE, KS, OK,
AR, MI, MO, lA, IL, MN and WI. Ihe NGP market is found to be no 
more sensitive to plausible changes in pollution control policy 
than it is to uncertainty in mining labor and rail costs. The 
western and southern boundaries of the market area are not at all 
sensitive to PGD policy, however, the Illinois boundary is fairly 
sensitive to PGD policy due to the significant cost difference 
between scrubbing low and high sulfur coal.
A large zone of market indifferex% exists at the outer edge of 
the NGP market. Site specific factors become increasingly 
important in this zone of uncertainty and utility decisions are 
difficult to predict. The uncertainty results in NGP coal demand 
forecasts ranging from 137-166 million tons per year (mty) in 
1990, 159-288 mty in 2000 and 174-349 mty in 2010 (extraneous 
factors held constant). Key swing market populaticxi centers are 
Detroit, Chicago, Denver and Seattle. Model forecasts are 
ccnpared with coal contract data and found to be fairly accurate 
at the state level.
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CHAPTER 1 
INTOODUCnON AND PURPOSE
Introduction
Higher prices and uncertainties in the international oil and 
dcxnestic natural gas markets have created economic and political 
incentives to increase the use of domestic coal. The greatest potential 
for a volumetric increase in coal use lies within the electric utility 
industry. The utility industry is the largest ccnsuraer of U.S. coal, 
550 million short tons in 1980 or 72% of total U.S. production (DOE, 
1981) and energy forecasters are predicting continued growüi (Energy 
Modeling Form, 1978).
The vast reserves of strippable low sulfur coal in the Northern 
Great Plains (NGP) states of Montana, Wyoming, and North Dakota have 
undergone rapid development in the past ten years due to the expanding 
utility steam-coal market. The Powder River and Fort Union coal basins 
contain most of the lew sulfur strippable reserves in the NGP province 
and are the subject of ihis analysis (see Figure 1).
Development of the arid NGP coal resource area for utility steam 
coal presents numerous environmental and economic challenges to industry 
and government. Seme of the more significant policy and technological 
issues of development include federal coal leasing strategies, facility 
siting, private and state water rights, socio-economic concerns, state 
taxation, reclamation feasibility, and existing pristine NGP air 
quality. To assist industry and government decision makers, eccncmists
1
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Source: Bureau of Mines, 1976.
spend a considerable amount of time estimating future coal demand and 
testing the sensitivity of demand to key policy and technological 
issues.
One conclusion of the 1976 Montana University Coal Demand study 
(MUCDS) was that the demand for Northern Great Plains (NGP) coal was
sensitive to sulfur dioxide control regulations. In 1976, the SÔ
emission limitation for new coal-fired steam generators was 1.2 Ib./lÔ  
Btu; low-sulfur NGP coal could be burned in oonpliance wi-üi the standard 
without expensive flue gas desulfurization (PGD) equipment. The savings 
in air pollution control costs plus lew mine mouth prices thus made it 
eooncmical for sane utilities to use NGP coal even thouÿn they were 
closer to eastern coal reserves (MUCDS, 1976).
Congress, however, was critical of the 1.2 lb. SOg/lÔ  Btu standard 
which EPA had set in 1971 because low-sulfur coal could be burned 
without SOg control (EPA, 1979a). By 1976 it was apparent that Congress 
was going to amend the Clean air Act and change the statutory language 
pertcdning to new coal-fired boilers, but MUCDS researchers could only 
speculate on the outocme. After examining different policy options, 
MUCDS concluded:
The demand for Northern Great plains (NGP) coal is very sensitive
to air pollution control regulations. If federal and state air
pollution emission regulations require flue gas desulfurization 
(PGD) and/or lew sulfur coal for both new and existing coal-fired 
electric generating plants, NGP coal will be oonpetitively priced 
in a 21-state market. If Supplementary Control Systems (SCS) such 
as tall stacks and/or intermittent control systems are permitted in 
place of PGD, NGP coal will be conpetitive in a much smaller 13- 
state market, eliminating much of the midwest and south-central 
regions of the U.S. (MUCDS, 1976, page 3).
In 1976, the MUCDS researchers expected PGD to be required on all 
hi^ sulfur coal-fired plants and thus projected levels of NGP coal
3
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develcjpnoit or the 21-state maricet at 136 million tons/year by 1980, 
140-170 million tons/year by 1985, and 200-300 million tons/year by 
2000.
Problem
Since 1976, substantial changes have occurred in the parameters 
which define the market area for NGP ooal. In view of these parameter 
changes, an analysis of 1980-1981 economic conditions and air pollution 
policy is presented here to redefine the market area for NGP coal. New 
air quality regulations stemming from the 1977 amendments to the Clean 
Air Act were coming into effect just as Congress began a major review of 
the Clean Air Act and a Republican administration took office. 
Substantial increases in unit train coal transportation costs have 
caused utilities to reevaluate their ccmnitments to long distance 
railroad ooal hauling. Coal slurry pipelines and high voltage 
transmission lines are viable alternatives to rail transportaticn, but 
they face considerable public composition because of local concerns and 
new right-of-way requirements. Minenouth coal prices are increasing in 
real terms because of increasing mining costs, higher prices for 
substitute fuels, environmental cxantrols, and decline in productivity.
Because air pollution cxntrol policy was so critical in the 1976 
MUCDS analysis, this analysis develcps and discusses in detail air 
pollution control policy, air pollution ocxitrol technology and costs, 
and their relative inpaot cn the market for Northern Great Plains coal. 
The analysis is of considerable more detail than the 1976 MUCDS 
analysis, in that a oonpletely bounded domestic NGP market area is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
defined and market areas are generated for 1980, 1990, and 2000 to 
investigate the impact of real escalating costs.
Method of Study
The air pollution control policy and costs developed in this work 
were ccnpleted in 1982 as part of a larger collaborative effort to 
project NGP coal demand through the year 2010. A six member project 
team utilized a four step methodology to forecast NGP coal demand for 
coal-fired electric power generation. The forecasting methodology was 
similar to that used in the 1976, Montana University Goal Demand study 
(MUCDS, 1976) and involves the following four steps:
Utility Steam Electric Goal Demand Forecast
1. Defining the geographical market area in vhich NGP coal can be 
ocnpetitively sold for electric power generation.
2. Estimating the future demand for electricity in that market 
area.
3. Determining vdnat share of this electricity will be generated 
by coal (interfuel substitution).
4. Estimating vhat share of the ooal-generated electricity will 
come from the NGP region.
The portion of the research project contained herein is the 
assessment and data development for defining the utility market area for 
NGP coal (Step 1) with an ençhasis on the air pollution control policy 
and costs.
In addition, an exhaustive review of coal contract data and coal 
power plant statistics was cotpleted for comparison to market model 
forecasts and for estimating what share of the coal-generated 
electricity would come from the NGP region (Step 4).
The market area is defined such that NGP ooal is the least cost 
coal over the lifetime of a new 500 MW coal-fired model powerplant. The
5
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analytic approach derives from the theory of spatial markets as 
described in Hyscn and Hyson's "Economie Law of Market Areas" (1950) and 
as a^^lied to ooal use by Watson (1972), MJCDS (1976) and Campbell and 
Hwang (1978). This approach uses continuous functions - hyperbolic 
curves - to establish a market boundary between two competing coal 
supply regions. By comparing the cost of using NGP coal with seven ncn- 
NGP coal regions, a "bounded", U.S., NGP ooal demand region is generated 
(Chapter V and ̂ pendix A. )
Since air pollution policy was the critical irput parameter in the 
1976 study, a complete review of federal and state air quality 
regulations that could potentially govern emissions from new coal-fired 
power plants is undertaken. Actual regulations governing most new 
plants cotrLng on line are reviewed and a brief assessment of possible 
future policy is presented.
Historical Overview of U.S. Air Pollution Ccntrol Policy
The 1970 Clean Air Act, as amended in 1977, contains the provisions 
for regulating air pollution from coal-fired power plants. The 1970 
Clean Air Act (1970 Act) was passed in the form of amendments to the 
1963 Clean Air Act; however, the 1970 Act was so extensive it was 
ccnsidered a new beginning in air pollution control (Walker and Storper, 
1978). (In the following discussion the 1970 Clean Air Act is referred 
to as the 1970 Act; the 1977 amendments as the 1977 amendments; and the 
Clean Air Act as it stands today, as the Act. ) The 1970 Act was amended 
in 1977 for a number of reasons, most notably to delay deadlines for 
compliance, relax auto emûssicn standards, establish standards for clean 
air areas, and revise the emiission control requirements for new fossil
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
fuel-fired power plants.
Before 1970, the states were mainly responsible for protecting the 
environment. Many state agencies were understaffed or had independent 
commissions where members benefitted from weak pollution control policy. 
The environmental movement of the 1960's coupled with inadequate state 
regulation ultimately led Congress to pass the far-reaching 1970 Act 
vhich greatly expanded government’s role in air pollution control. 
Congress designated the Environmental Protection Agency (EPA) as 
administrator of the 1970 Act and permitted "ary citizen" to sue the 
agency for nonoonpliance with the law (Ackerman and Hassler, 1981). As 
will be seen in later sections, the courts have played an important part 
in interpreting the 1970 Act and the amendments of 1977.
The Act's approach to pollution control is goal-oriented and 
technology-based. It calls for setting ambient air quality standards to 
protect public health (primary standards) and public welfare (secondary 
standards). EPA is responsible for establishing the standards and has 
set standards for seven widespread air pollutants. Primary standards 
are set at a level that protects human health, allowing for a margin of 
safety.
States are primarily responsible for achieving and maintaining the 
standards established by EPA. They must submit a State Implementation 
Plan (SIP) to EPA for approval demonstrating hew they will meet the 
standards by specific deadlines. If the SIP is not sgproved, the 
enforcement authority goes to EPA. The 1977 amendments altered the 
deadlines for meeting standards (deadlines may also vary depending on 
pollutant) and required states to revise their SIPs. The revision
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process has been slow, and many SIPs are still not ^proved.
In many areas of the country the air is cleaner for one or more 
pollutants than the ambient standards require; these areas are termed 
attainment areas. A series of EPA policy decisions, court actions and a 
Congressional mandate resulted in a federal program for the prevention 
of significant deterioration (PSD) for these clean air areas. 
Nonattainment areas which do not meet the ambient standards are governed 
by the nonattainment program. Clean air areas, vhich meet the standards 
of the Act, are regulated by the Prevention of Significant Deterioration 
(PSD) program.
In addition to goals set forth in the ambient air standards, the 
Act establishes technology-based emission standards for certain new or 
modified sources of harmful pollutants. Section 111, as originally 
written in the 1970 Act, required EPA to set effluent standards that 
could be satisfied by the best system of emission reducticn vhich 
(taking into account the costs of achieving such réduction) the 
Administrator determines has been adequately demonstrated (Ackerman and 
Hassler, 1981). These new source performance standards (NSPS) were 
intended to assist in attaining ambient standards, to reduce the need to 
retrofit facilities at a later date, and to provide nationwide 
uniformity in regulations (NCAQ, 1981). Section 111 was significantly 
changed vhen Congress amended the 1970 Act in 1977.
The following Chapter discusses in more detail the current air 
quality programs vhich can affect a coal-fired power plant.
8
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CHAPTER II 
AIR FOLLUnON OONTROL POLICE 
Air Quality Programs Affecting Coal-Fired Power Plants
There are essentially three air quality programs that can affect 
the design and operation of coal-fired power plants: (1) National
Ambient Air Quality Standards (NAAQS); (2) New Source Performance 
Standards (NSPS); and, (3) Prevention of Significant Deterioration 
(PSD) (vàiich includes Visibility Protection (VP)) (ICF, Inc., 1979b). 
Utilities must consider each program tAen permitting a new plant or 
modifying an existing one. BnrLssion limits for existing plants are 
specified in the SIPs and vary according to state or specific plant. 
The following discussion emphasizes the regulations affecting new or 
modified plants and briefly reviews state emission standards for 
existing plants.
National Ambient Air Quality Standards
The NAAQS are often considered the heart of the Clean Air Act. 
Congress recognized the scientific limitations and uncertainties 
pertaining to the health effects of air pollution and based the 1970 
Act on the principle that to protect public, government must control 
potentially harmful pollutants despite scientific uncertainty (NCAQ, 
1981 ). Ihe Act requires EPA to set national primary air quality 
standards to protect human health, allowing for an adequate margin of 
safety. Secondary standards are set at levels to protect public 
welfare. The standards cover pollutants that are widely dispersed and 
emitted by a large number of sources. The Act establishes a procedure
9
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fear developing the NAAQS, but EPA is given considerable discretion vhen 
setting the final standards. Because of the complexities of air 
pollution and the special interests affected by its control, tiiere has 
been much debate over vhat pollutants should be regulated and at that 
levels. Industry has criticized the Act’s failure to consider eccnomic 
factors then setting health standards and its nonspecificity concerning 
adverse health effects (NCAQ, 1981).
The EPA Administrator is required to review new research at five- 
year intervals and to promulgate new standards or revise old ones if 
necessary. Congress required EPA to issue NAAQS for six criteria 
pollutants: sulfur dioxide, (SO^), carbon monoxide (00), total
suspended particulates (TSP), photochemical oxidants (ozone, 03), 
hydrocarbons (HC), and nitrogen dioxide (N02). A seventh pollutant, 
lead (Pb), is also regulated as a result of a 1975 law suit brought by 
the Natural Resources Defense Council (NCAQ, 1981). The primary and 
secondary NAAQS for these pollutants are shewn in Table 1. Averaging 
times vary to protect against harmful effects of short and long-term 
concentrations.
EPA has divided the country into air quality control regions and 
classified them according to their compliance status with the NAAQS. 
On a county-ty-county basis, the areas are classified as nonattainment 
for a pollutant if the ambient air concentrations exceed the primary or 
secondary NAAQS. If no violations exist, the regions are classified as 
attainment (ICF, 1979). The status of a region's air quality affects 
the type of regulation placed on existing and new sources.
10
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Table 1, National flnbient Air Quality Standards 1 
(ug/in3 at 25 C and 760 mm Hg)
Primary Secondary
Pollutant Annual
Averaqe
Short term 2 
maximum
Annual
Averaqe
Short term 2 
maximum
S02 80 365 (24 h r.) 1300 (3 h r .)
TSP 75 260 (24 h r.) 60 150 (24 h r.)
CO - - 10.000 (8 h r.)
40.000 (1 h r.) same as primary
100 same as primary
Photochemical 
Oxidants (O3)
- -  - 160 ( Ih r . ) same as primary
HC
(non-methane)
160 (3 h r .-
6 to 9 a.m.)
same as primary
PI? 1.5 (calendar quarter 
average)
same as primary
1- U.S. EPA 1977 State Inplementatican Plan Emission Regulations for
Sulfur Oxides: Fuel Ccmbustion EPA-450/2-76-002a. Research
Triangle Park, NC: EPA, Strategies and Air Standards Division,
Page A-2.
2. Not to be exceeded more than once a year.
3. Montana Dept, of Health and Environmental Sciences. 1980.
Montana Ambient Air Quality Standards: Final Environmental Inpact
Statement. Helena: Montana DNRC, Air Quality Bureau. Page 4.
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The number and location of ncnattainrnent areas change with time; 
however, by reviewing trends a rouc^ assessment can be made of v*>ere 
ambient air standards have been a problem. The primary TSP standard 
was exceeded in 231 counties in 1975; as of 1980, 211 or parts of 
counties were still designated nonattainment. In 1980 iJie primary SÔ  
standard was violated in 18 entire counties and portions of 70 counties 
(NCAQ, 1981).
In the Midwest, vtere most of the SÔ  nonattainment areas are, 
ooal-fired powerplants are the principal SOg sources. Violations in 
western states are primarily due to nonferrous smelters. The NCAQ 
(1981) projected that many nonattainment areas for TSP and SOig will 
continue to be nonattainment after the 1982 deadline. Reasons given 
for continued nonattairment include overly optimistic SIPs, long 
distance transport of pollutants, and inadequate time to solve the 
problem (NCAQ, 1981).
State Implementation Plan. Congress recognized that the country's 
air quality problems varied from area to area and, therefore,
stipulated that each state be responsible for its own air quality. The 
Act requires states to develop a State Inplementation Plan (SIP)
demonstrating how th^ will achieve and maintain the NAAQS. The states 
submit their SIP to EPA for approval. If the State SIP is not
approved, EPA will develop and enforce one of its own (often called a
FIP). The SIP process allows states to ccnsider local conditicans and 
eccxKxnics vhen developing a control plan. TO have a SIP approved, a 
state must conduct air monitoring, emission inventories, and 
mathematical modeling to show how its plan will produce air quality
12
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that meets the NAAQS. ïtie SIPs may require emission limitations for 
power plants more stringent than federal emission standards.
State emission limits for existing power plants are established in 
the SIPs and can be uniform for the entire state or plant-specific. 
Historically, most SIPs do not require reduced emissions unless the 
plant is contributing to the nonattainment of an area. States with 
reserves of high-sulfur coal are reluctant to set SIP standards that 
would require a switch to low sulfur coal or PGD retrofit. Many of the 
recently revised state SOg limitations have turned out to be less 
stringent that originally anticipated and therefore limit the SIP 
oonpliance market for low-sulfur coal (Teknekron, 1979).
All new power plants wishing to site in a nonattainment area must 
go through a SIP nonattainment review process. The review process 
ensures that the new plant will not contribute to the area’s 
nonattainment problem. During the preconstruction review the utility 
must show that (1) the sum of emissions from existing sources and the 
proposed plant will be less than currently allowed emissions (which 
requires the utility to obtain offsets from existing sources); (2) the 
new plait will meet the lowest achievable emissions rate (LAEK); and 
(3) all other major sources owned by the utility within the state are 
qperating within SIP limitations (ICF, Inc., 1979).
Nonattainment areas are difficult areas in which to site a new 
plant because of problems in obtaining offsets and the added costs of 
meeting LAER tend to make them unattractive. However, offsets may be 
readily available from existing utility plants, and states have not 
required the most restrictive limits that LAER requirements might
13
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inpose. In fact, of 54 LAER permits reviewed for a study (all major 
source types), only two were more stringent than the applicable NSPS 
(NCAQ, 1981). Utilities have sited new plants in nonattainment areas 
(Houvengle, T. 1980); and they seriously consider these areas vhen 
reviewing sites for projected power plants (Demo, J. 1981). When 
choosing a least-cost site for a power plant, utilities must evaluate 
total costs, not just air pollution control oosts. Factors such as 
proximity to electrical load center, availability of a transnission 
system, unit train unloading facilities, and water availability mi^t 
make siting in a nonattainment area attractive. In addition, the 
revised NSPS for coal-fired plants have decreased the potential 
emission difference between NSPS and LAER.
EPA's review and approval of SIPs have been complicated by a 
number of factors. Many SIPs have not be@rt approved and, in seme cases, 
approved SIPs are not being enforced. The 1970 Act first required 
states to write SIPs showing how they would achieve its goal. 
Revisions were required due to the many changes of the 1977 Amendnnents, 
and states were to submit these revisions to EPA by January, 1979, 
which would review them by July, 1979. As of January, 1981, EPA had 
only taken final acticxi on 44 revisicns; of these 23 were partial 
revisions (NCAQ, 1981). A complete reviev of federally approved SIPs 
is beyond the scope of this thesis since court cases and constant 
revisions make it difficult to compile a list of currently enforceable 
SIPs. A study done for the NCAQ states that many EPA regions and 
states do not have a document that identifies the currently approved 
SIP and obtaining a copy requires sifting througti the Federal Register
14
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and assembling the various cxDnponents (Pacific Environmental Services, 
Inc., 1980).
Ambient Standards for Toxic Pollutants. If standards are set for 
toxic pollutants from coal-fired power plants, it is uncertain vhether 
any specific coal producing regions would benefit. Some toxic 
pollutants are already removed from the flue gas in conjunction with 
SOg and particulates. Toxic elements are also retained in the bottom 
ash and boiler slag. These combustion wastes are potentially hazardous 
to ground water supplies (Malone, P. and L. Jones, 1979) but they are 
tenporarily exempt from regulation until EPA completes an evaluaticn of 
their impact on the environment (Rossoff, 1981). EPA has issued 
proposed rules and guidelines affecting the disposal of these wastes 
through its implementation of the Resource Conservation and Recovery 
Act. A preliminary evaluation of the impact of these rules on ooal- 
fired power plants, shows that national disposal costs may be 13 times 
higher than current costs if the wastes are considered hazardous 
(Weaver, V. 1981). The estimated oosts were dependent on the amount of 
tonnage of waste to be disposed of. Tonnage was in turn based on coal- 
sulfur and ash content and their respective control requiremtents. 
Therefore, unless a given coal produces wastes significantly different 
from another coal, such that one would be considered hazardous and the 
other one nonhazardous, it is doubtful vhether toxic pollution control 
would result in large nonsymnetric costs between coal types. Site 
specific factors, such as vhether an area is considered enviranmentally 
sensitive or if combustion by-products are recovered for other uses, 
may be just as important as coal characteristics vhen evaluating toxic
15
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pollutant control costs.
EPA's Current Review of the NAAQS. EPA is presently revising the 
criteria documents fear SOj and TSP on vAiich the NAAQS ' s for these 
pollutants are based (EPA, 1981a and EPA, 1981b). Ihe review process 
has been quite extensive, but final recommandations have not yet been 
made. Preliminary documents indicate that there is no new evidence 
vdnich micjit cause a large change in the current standards.
New Source Performance Standards
Section 111 of the Clean Air Act requires EPA to establish federal 
new source performance standards (NSPS) for new or modified major 
sources of pollution. Ooal-fired power plants are one of dne major 
sources for vhich NSPS have been promulgated, and all new plants must 
at least meet these standards. More stringent standards may be 
required in areas vhere ambient pollution levels govern plant emissiœs 
and where states have adopted more restrictive NSPS (previous 
nonattainment and SIP discussion).
Congress first established the provisions for NSPS in the 1970 
Act. At that time, standard of performance was defined as a standard 
for emissions of air pollutants vhich reflects the degree of emission 
limitation achievable throu^ the application of the best system of 
emission reduction vhich (taking into account the cost of achieving 
such reduction) the Administrator determines has been adequately 
demonstrated (Havdtins, 1978). The purpose of the NSPS were to (1) 
assist in attaining and maintaining the primary and secondary ambient 
air standards, (2) preserve the air resource to enhance long-term 
growth, (3) reduce the need to retrofit facilities at a later date, (4)
16
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provide nationwide uniformity in regulations, thus removing the 
economic incentive for industry to locate in one state or anotiier and 
(5) free up cleaner fuels for use in existing sources (Hawkins, 1978; 
NCAQ, 1981).
In 1971, EPA established NSPS for fossil fuel-fired boilers and 
set emission limitations on SOg, TSP and . SĈ  was limited to 1.2 
Ibs./lÔ  Btu, TSP to 0.10 Ibs./lÔ  Btu and NOx to .70 lbs./ Btu 
(lignite plants were exenpt from the NOx standard) (ICF, 1979). In 
setting the 1.2 Ibs./lÔ  Btu standard for SQ^, EPA did not preclude the 
use of low-sulfur coal as a means of compliance. Ackerman and Hassler 
(1981) comment that in promulgating the 1.2 lb. standard, EPA failed to 
estimate its inpact on the eastern coal industry and did not oonpare 
the long-term benefits and cost of the standard. Instead EPA treated 
the NSPS as if it were a narrow engineering problem vdrLch could be 
solved by the use of an "embryonic technology," (flue gas 
desulfurization) on hicfi-sulfur coals (Ackerman and Hassler, 1981). 
The 1.2 standard was appealed by the utility industry, but it survived 
the judicial review process. However, the industry did force EPA to 
address the problems of scrubber waste disposal.
It was not Icng before the 1.2 standard was challenged on the 
grounds that it caused excessive SOg emissions from western power 
plants. The Navaho tribe took EPA to court, arguing that the 1.2 
standard was not sufficient uncfer Section 111. They contended that the 
power plants at Four Comers, Arizona, would use low-sulfur western 
coal regardless of the 1.2 standard because of their prc»dmity to low- 
sulfur reserves. In 1975, the Court of Appeals for the District of
17
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Columbia Circuit (D.C.Cir. ) ruled that the record compiled was 
insufficient to permit effective judicial review and instructed the 
Navahos to file a formal petition with EPA. The Navaho, joined by the 
Sierra Club, then petitioned EPA to revise the NSPS and require a 90% 
reduction in SOg emissions. EPA agreed to investigate whether the 
standard needed to be revised, but before any conclusions were reached. 
Congress passed the 1977 amendments to the Clean Air Act and 
substantially changed the definition of NSPS (D.C.Cir., 1981). EPA was 
directed to revise the NSPS for electric power plants within one year 
to reflect these changes.
1977 Redefinition of NSPS. Section 111 was amended specifically 
to eliminate the use of untreated low-sulfur coal in ooal-fired power 
plants. Provisions were added vhicii not only called for a ceiling on 
power plant SOg emissions, but also a percentage reduction. In 
addition, emissions were to be continuously controlled through 
application of the best technological system of controls. This 
eliminated the use of intermittent controls such as fuel switching and 
tall smcdce stacks (NCAQ, 1981). The legislative history behind the 
Section 111 amendments is somewhat confusing, with a history 
characterized by special interest group pressure and political 
compromises. In a critique of the NSPS regulatory process, Ackerman 
and Hassler (1981) comment on the confusion and last minute law making:
"The incoherent quality of the legislative history was apparent to 
the amendment’s supporters almost immediately. After spending all 
of August 3 compiling the conference report that had been 
oonpleted at 2:20 that morning, the staffers thought it wise to 
spend the next day formulating a "Clarifying Statement" vhile both 
Houses were voting their approval of the statutory language" 
(Ackerman and Hassler, 1981, page 53).
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EPA's RNSPS Analysis. In an at±enpt to oonply with the 1977
amendments, EPA carried out an extensive analysis of alternative SÔ
l^PS using several detailed econcmetric models of the utility sector.
After two years and a series of public hearing, EPA published the final
revised NSPS for electric utility steam-generating units. The revised
NSPS (RNSPS) set emission limits for SOg, NĈ  and particulates. The
SO; standard was based on a well-functioning limestone PGD system with
credits given for coal cleaning. The SÔ  standard requires a 90%
reduction in potential SOg emissions with a ceiling of 1.2 lb./million
Btu except vAen emissions are reduced below .6 lb./million Btu heat
input; then only a 70% reduction in potmtial SOig emissions is
required. The exception, 70% reduction for vtten emissions are below .6
lb./million Btu, was made specifically for low and medium sulfur coals.
It does not reflect best available ocntrol technology but is an attenpt
CHI the Administrator ' s part to promote the development of less
expensive "dry" SO control technology (EPA, 1979a). The Administrator
supports the final standard:
The standard through its balance and recognition of varying coal 
characteristics serves to expand environmentally acceptable energy 
supplies without conveying a competitive advantage to any one coal 
producing region. The maintenance of the emission limitation at 
520 ng/J (1.2 lb SOî /million Btu) will serve to encourage the use 
of locally available high-sulfur coal. By providing for a range 
of percent reduction, the standard offers flexibility in regard to 
burning of intermediate sulfur content coals. By placing minimum 
requirement of 70 percent on low-sulfur coals, the final rule 
encourages the full development and ̂ plication of dry SÔ  control 
systems on a range of coals. At the same time, the minimum 
requirement is sufficiently stringent to reduce the amount of low- 
sulfur coal that moves eastward vhen compared to the current 
standard.
Admittedly, a uniform 90 percent requirenent would reduce such 
movements further, but in the Adninistrator' s opinion, such gains 
would be of marginal value when compared to expected increases in
19
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high-sulfur ooal production. By achieving a balanced coal demand 
within the utility sector and by promoting the development of less 
expensive SÔ  control technology, the standard will expand 
environmental ly acceptable energy supplies to existing power 
plants and industrial sources (EPA, 1979a, page 33583) (enphasis 
added).
The particulate standard was set at .03 Ib./lO® Btu with an 
opacity standard of 20%. The NÔ  standards for coal are .50 Ib./lÔ
Btu for subbituminous, .80 Ib./lÔ  Btu for lignite and .60 Ib./lÔ  Btu
for all others. NÔ  standards are based on boiler combustion 
modifications while the particulate standard is based on a well- 
designed backhouse or ESP (EPA, 1979a). The particulate and control 
standards do not create large control cost differences between 
alternative ooal supply regions, and therefore their effect on ooal 
markets is minimal.
As expected, the new regulations were challenged immediately by 
industry and environmental groups. On the same day that EPA 
Administrator CJostle signed the final standards. Sierra Club filed a 
petition for judicial review of the standards with the U.S. Court of 
^peals for the District of Columbia (EPA, 1980). Additional petitions 
were filed by several utilities and other environmental groups. 
Besides filing for judicial review, most of the groups also petitioned 
the Administrator for reconsideration of the revised standards.
Ihe RNSPS was attacked by the envircnmaital groups on essentially
two grounds; (1) the 70% scrubbing requirement for low and medium
sulfur coals was not best available control technology and would result 
in excess emissions from new low & medium sulfur ooal plants; and (2) 
the 1.2 Ib./lÔ  Btu emission ceiling was too high and would result in
20
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excess emissions from new hiÿi sulfur coal plants. Several procedural 
issues were also objected to by the groups. 'The utility gror^ 
primarily objected to the hig^ SÔ  (70%-90%) removal efficiencies 
required under the RNSPS. They questioned the scrubber reliability 
data on vAiich EPA based its assumption that 90% removal oould be 
obtained on high sulfur coals and they questioned the logic b^iind 
requiring 70% removal on low sulfur coals.
EPA reviewed the petitions and then denied reconsideration of the 
regulations on grounds that the petitioners failed to demonstrate 
either (1) that it was inpractical to raise their objectives during the 
period for public comment or (2) that the basis of their objection 
arose after the close of the public comment period and that the 
objection was of major importance to the outcome (EPA, 1980). After 
EPA denied the request for reconsideration, the standards underwent 
judicial review in U.S. Ocurt of î speals for the District of Columbia 
in Septenber 1980. The Court reviewed each petitioner's challenge to 
the standards and decided in EPA's favor. In ccnclusicn the Court 
states;
"We cannot redo the agencies job; Congress has told us at least in 
proceedings under this Act that it will not brock reversal for 
small procedural errors; Vermont Yankee reinforces the admonition. 
So in the end we can only make our best effort to understand, to 
see if the result makes sense, and to assure that nothing unlawful 
or irrational has taken place. In this case, we have taken a long 
vhile to come to a short conclusion: the rule is reasonable. " 
(U.S. Court of /appeals (D.C. ), 1981, page 226)
Discussion of EPA's RNSPS Analysis. In reviewing EPA's analysis 
of alternative RbGPS, it is evident that the agency did not have a 
specific criterion for determining the efficiency of the standard.
21
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FIGURE 2. National Emissions and Costs for Alternative Standards 
in 1995
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EPA's final standard was selected after a judgmental review of the 
alternatives in an attempt to best balance the goals of the Clean Air 
Act. Figure 2 shows the results of EPA's cost effective analysis for 
alternative RNSPS. Figure 2 is a sli^t revision of an IGF figure 
(IGF, 1979; Figure 1, page 6). The IGF alternatives, not including dry 
scrubbing costs, have beam omitted and the full scrubbing and partial 
scrubbing options are circled.
One of EPA's key findings was that lower emission standards for 
new plants do not necessarily result in lower national SÔ  emissions 
because older more polluting plants are utilized more than the higher 
cost clean plants. Several alternative RNSPS were rejected because of 
this argument, but most specifically the 90% full scrubbing option 
because it also had higher oosts. Figure 2 shows that the full 
scrubbing alternatives (A and M), are obviously more expensive than the 
partial scrubbing optiœs and do not result in any less SĈ  emissions. 
All partial scrubbing options are in the same cost range, with 
alternative F spearing to be the most cost effective. The scrubbing 
conditions ^ecified in F were 70% minimum SÔ  removal with a .55 lb. 
emission ceiling. This standard was rejected by EPA on the grounds 
that it would prohibit the use of some high eastern ooal reserves, 
although EPA's ooal market model indicated that there was no regional 
shifting in ooal markets. EPA's comment to criticism was that the ooal 
model's results were not disaggregated enough to show the inpact of the 
standard on local high sulfur coal markets. Alternative L was then 
selected from the remaining alternatives as best satisfying the goals 
of the Glean Air Act (EPA, 1980).
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Prevention of Significant Deterioration
Ihe 1970 Clean Air Act required EPA and the states to achieve and 
maintain the NAAQS. The 1970 Act did not address the question of air 
quality in areas already cleaner than the NAAQS- Environmental groups 
brought suit against EPA in 1972 to stop the approval of SIP’s that 
failed to prevent the significant deterioration (PSD) of air quality 
(OTA, 1980).
The courts ruled that EPA must establish programs to ensure that 
clean air areas remain clean. On December 5, 1974, EPA promulgated 
regulations requiring SIP’s to include measures aimed at preventing air 
quality deterioration. The program consisted of two main parts: 1)
major new sources of criteria pollutants are required to apply Best 
Available Control Technology (BACT) for SOjj and particulates, and 2) 
new sources of SÔ  and particulates are prohibited from increasing 
ambient air pollutant concentrations more than 
certain specified air quality increments (Mayer, N.A., 1980).
The 1974 program was challenged by industry and environmental 
organizations and was in litigation vhen Congress began the debate c h i 
the 1970 Act in 1975 (NCAQ, 1981). The 1977 Amendments affirmed the 
1974 program with two important changes: 1) the PSD regulations must
also include carbon monoxide, hydrocarbons, ozone, lead, and nitrogen 
oxides, and 2) the BACT requirement should include all pollutants 
regulated under the Act (Mayer, N.A., 1981).
Ihder the 1974 PSD regulations, BACT was equivalent to the new 
source performance standards, unless additional control was required to 
protect the PSD increments. Where NSPS were not established for a
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source type, BACT was determined on a case-by-case basis. The 1977 
Amendments required that BACT always be determined on a case-by-case 
basis. There was then a 3-4 year period vhen the PSD regulations were 
essentially equal to the 1.2 lb. NSPS for power plants.
PSD Class Designation. The PSD program divides clean air areas 
(attainment) into three classes (I, II, and III) and specifies maximum 
allowable increases in the ambient concentration of pollutants - PSD 
incremaits. The Class I designation is designed to provide maximum 
protection of air quality. Congress designated all large national 
parks and wilderness areas as mandatory Class I areas (see Figure 3). 
All other attairmmert areas were classified as Class II. Class III 
allows the largest increase in pollution, and there are currently no 
Class III areas. A state may redesignate Class II areas to Class III 
areas through a formal redesignaticxi process. States and Indian tribes 
may also reclassify their lands from Class II to Class I. Mandatory 
Class I areas cannot be reclassified to a lower level. Table 2 lists 
the specified class increments for SÔ  and TSP. The increments are 
smallest in the Class I areas where exc^ytionally good air quality is 
highly valued. They increase fear Class II areas and are the largest 
for Class III. The increments are defined in terms of increases over 
baseline concentrations. The baseline concentrations must be 
determined by air quality sampling before a permit is issued.
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Table 2: Allowable PSD Increments and Ambient Standards forSO; and TSP (ug/m3)
NAAQS Class 1 Class II Class IIISO2
AÎnnual 80 2 20 40
24-hour® 365 5 91 182
3-hour® 1300 25 512 700
TSP
Annual 75 5 19 37
24-hour® 150 10 37 75
From NCAQ, 1981.
a. Not to be exceeded more than once a year
A number of other Issues come into play during the PSD permitting 
process, but they are beyond the scope of this paper. Some of the 
issues not discussed are: categories of sources, what determines a
major source, preconstruction review process, exempticxis and variances 
to PSD requirements, and total air quality verses PSD increments. 
Since an area is classified as attainment or nonattainment for each 
pollutant, it is possible for an area to be nonattainment for one 
pollutant and attainmeit or PSD for another. The result is a set of 
rules governing cross-boundary impacts.
The full impact of the PSD program on energy develqpment remains 
unknown. Studies done for the NCAQ indicate that the PSD program is 
not likely to limit energy development projects that are already 
planned. It is felt that industry has incorporated the effects of PSD 
in its selection of building sites and has avoided potential problem 
sites (NCAQ, 1981). If PSD increments do become a limiting factor at
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some sites, there are probably alternative sites or more advanced 
control technologies vrfvLch oould be used.
The NCAQ recommended to Congress that several major oonponents of 
the PSD program be revised. The recommendation was to eliminate most 
of the Class II and III increments and just continue with the BACT 
requirement. The Commission concluded that the PSD program was 
unnecessarily complex, causing regulatory delays and uncertainties 
without benefiting air quality.
A report by the National Academy of Sciences came to a somevrfiat 
different conclusion after reviewing the PSD program. The Acaden^ 
concluded that the PSD program is basically sound, but EPA is 
interpreting it too narrowly (National Research Council, 1981). The 
program is too young to see the effect of any long-term advantages and 
if problems do arise, there is no reason vhy the program can’t be 
changed. In addition, the Acadeny report stated that the States should 
be administering the program and not EPA. Presently only 6 states have 
EPA-^3proved PSD plans and 13 states have partial authority. The 
regional EPA offices were said to be less likely to take local 
considerations into account (NRC, 1981).
As a general conclusion, the PSD program allows States (or EPA) to 
regulate new power plant emission through BACT. The interpretation of 
BACT lies with the State and must be decided on a case-by-case basis. 
Presently the PSD program has not caused any siting problems. If 
significant siting problems were to develop in the future, it is 
probable that the program would be changed to allow a reasonable level 
of development.
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Visibility degradation also falls under the PSD program and is 
discussed in the following section.
Visibility Protection. In the 1977 Amendments, Congress 
established as a national goal the prevention of any future, and the 
remec^lng of any existing, impairment of visibility in mandatory Class 
I Federal areas %hich results from man-made air pollution (EPA, 1979b). 
Visibility impairment includes reduction in visual range and 
atmospheric discoloration. EPA has categorized visibility inpairment
into three general types: (1) widespread regionally hcnrogeneous haze
that reduces visibility in every direction from an observer, (2) smoke, 
dust, or colored gas plumes that obscure the sky or horizcai relatively 
near sources (this class is also termed "plume blight"), and (3) bands 
or layers of discoloration or veiled haze appearing above the 
surrounding terrain (EPA, 1979b).
The Act required EPA to promulgate regulations vhich will provide 
guidelines to states for implemmting visibility protection and require 
SIPs to include emission limits, schedules and any other measures to 
make progress toward the visibility goal. The Department of Interior 
cotipiled a list of 156 Class I areas vhere visibility is an important 
value. The list included all of the mandatory Class I areas except 
two. The mandatory Class I areas are shown in Figure 3.
EPA published regulations in December 1980 for the first phase of 
a long-range program for visibility improvement. The regulations 
outline visibility protection for Class I areas and will serve as 
guidelines for the 36 states that must revise their SIPs to account for 
visibility protection. Specific control programs will be determined by
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the states (NCAQ, 1981). Existing major sources contributing to 
visibility inpairment are required to install Best Available Retrofit 
Technology (BART). The extent to vrtiich BART will be applied is not yet 
known. utilities siting plants in the west will definitely have to 
consider the potential inpact of visibility regulations, but given the 
low level of emissions allowed from new plants in Western states, the 
inpact is uncertain.
Discussion
In summary, federal air quality regulations are an inportant 
ocnsideraticn vdnen planning a new power plant or vdnen modifying an 
existing unit. Ihree federal air quality programs must be addressed: 
(1) National Ambient Air Quality Standards, (2) New Source Performance 
Standards, and (3) Prevention of Significant Deterioration (includes 
Visibility Protection). Each individual program oould, on a site- 
specific basis, dictate power plant SOg emission limits. Utilities 
must consider the oosts of each program vben making coal choices and 
siting power plants. The permitting process has become quite complex 
and generally requires 2-4 years to complete. State level review 
processes vary from state to state, but generally follow the federal 
outline. State level policy is discussed briefly in the following 
section.
State Level Policy
The Clean Air Act allows each state the power to enact ambient air 
and new source performance standards more stringent than those required 
by federal law. In addition, states have considerable discretion (as
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discussed earlier) in establishing emission limits for existing power 
plants. The result is a wide range of site-specific regulations for 
existing and planned power plants. However, the increased stringency 
of the 1979 RNSPS has narrowed the range in vtuLch states can make state 
specific regulations.
Theoretically as site specific factors become more important 
economically, the NGP spatial coal model becomes less reliable in 
market areas where NGP ooal is ccqpeting with other western low-sulfur 
coal. Air pollution control policy will not influence the 
competitiveness of NGP ooal in the west as much as in the Midwest and 
possibly Texas, vhere the competing coals are substantially higher 
sulfur.
Preliminary runs of the NGP maricet model identified eight states 
totally within the market area (Iowa, Kansas, Minnesota, Montana, 
Nebraska, North Dakota, South Dakota and Wisconsin) and 13 states 
partially in the market area (Arkansas, Illinois, Indiana, Miohigan, 
Missouri, Texas, teeming, Colorado, Louisiana, Oklahoma, Oregon, Idaho, 
and Washington). In order to get an idea of the state level policy and 
ambient air conditions, a review was conducted of these 21 states.
Table 3 summarizes the number of counties in the 21 state NGP 
market area violating the primary NAAQS for TSP and SO^. The SÔ  
violations are of particular interest because of the air pollution cost 
differential between competing coal supply regions (in terms of lbs. 
SOg/lÔ  Btu). The states with violations of the SÔ  NAAQS are 
Illinois, Indiana, Iowa, Michigan, Missouri, Wisconsin, Idaho and 
Montana. Ihe Idaho and Montana violations resulted primarily from
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■raHT.K 3. Nunber of Counties in the 21-State NGP Market 
Area NOt Meeting the Primary NAAQS for TSP and 
SO2 (a)
TSP SOz
Arkansas
Entire
County
0
Part of 
County
0
Entire
County
0
Part of 
County
0
Colorado 2 2 0 0
Idaho 0 4 0 2
Illinois 0 10 0 2
Indiana 1 7 2 3
Iowa 0 4 0 1
Kansas 0 2 0 0
Louisiana 0 0 0 0
Michigan 0 4 0 4
Minnesota 7 1 7 1
Missouri 0 5 0 1
Montana 0 4 0 2
Nebraska 3 0 0 0
North Dakota 0 0 0 0
Oklahoma 0 3 0 0
Oregon 0 1 0 0
South Dakota 0 1 0 0
Texas 0 9 0 0
Washington 0 5 0 0
Wisconsin 0 4 0 2
Wyoming 0 1 0 0
Totals 13 67 9 18
From: EPA, 1980b.
a. Status as of June 19, 1980.
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non-ferrous smelters v^ch are no longer operating. The ant>ient 
violations have resulted in the states requiring SOj enission 
reductions for some existing power plants- Utilities in Illinois and 
Indiana are currently using low sulfur Western ooal to ocmply with SIP 
regulations. The various states have addressed iiie ambient violaticns 
with differing degrees of concern. States vhich have historically used 
high sulfur coals are reluctant to enact policies that would require 
fuel switching or expensive PGD retrofit.
State Level Bnission Limits. Table 4 summarizes the SIP SÔ  
emission regulations for the 21 states as of 1977. The table shews 
that most of the states have adopted the federal NSPS as their state 
specific NSPS policy for new large ooal-fired sources. Some of the 
states did not even have a new source emission regulation listed in 
their SIP'S as of 1977. In conversations with state regulatory 
agencies, these states generally ocmmented that they adopted the 
federal regulations by reference in their SIP's, Montana's NSPS was 
not specified because new sources are regulated on a case-by-case 
evaluation of best available control technology under the PSD program. 
In fact, most of the Western states with sources of low sulfur ooal 
have required scrubbing on new PSD regulated power plants (UT, MT, WA, 
WY, 00, and NM). The Midwest states, on the other hand, have 
interpreted the federal NSPS as BACT and have not required scrubbing 
beyond the NSPS level except there there are ambient problems with SÔ  
(NAAQS or PSD increments).
To investigate that standards are currently being enforced at the 
state level, SOg emissions limits were reviewed for existing and
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TMBLE 4. NGP Market Area SIP Bnission Regulations for 
SO2 As of August, 1977 for Large Solid 
Füel Sources a b c
New Sources
Limit
AR
CO
ID
I I
IN
lA
KS
LO
MI
MN
MO
MT
NE
NO
OK
OR
SO
TX
WA
WI
WY
0.2 ppm ambient 
150 ppm stack gas 
1 .0 *5  .
1.2# SOo/lOf Btu 
1.2# 502/10° Btu 
1.2# 502/106 Btu 
3.0# SOg/loG Btu
1.0% 5 
1.2# SO2 
a 
d 
d
3.0# SOo/lO® Btu 
2.0# SOo/lol Btu 
1.2# 50%/10°  Btu 
3.0# Sœ/106 Btu 
d
1000 ppm SO2 stack gas 
1.2# 502/100 Btu 
0.2# 502/106 Btu
Date
Effective
2-1-72
1-1-73
4-14-72
9-14-72
9-23-70
1-1-72
7-1-78
1-23-72
1-1-72
10-5-73
1-1-74
Existing Sources 
No Special
Ambient Problems
0.2 ppm ambient 
500 ppm stack gas 
1.0* 5 -
6.0# SO2/ I 06 Btu 
1.2-6.0# 502/10° Btu 
S.OfSOg/lOg Btu 
3. 0#5O2/ 1o6 Btu 
2000 ppm stack gas 
1.0* 5 
2 .0 * 5
state ambient standards 
2.0# SCU/lOf Btu 
2.5# S0|/106 Btu 
3.0# 50|/106 Btu 
State ambient standards 
1 . 0 * 5  ,
3.0# SO2/IO 6 Btu 
3.0# 502/106 Btu 
1000 ppm SO2 stack gas 
None ,
0.3-1 .2# 502/106 Btu 
Size dependent
Ambient 
Problems
1.8# 503/106 Btu 
Depending on size
1 .5* 5
2.3# SO2/ I 06 Btu
1000 ppm 5O2 stack
State ambient standard 
1.5# 5O2/ I 06 Btu
a. Source; EPA, 1977.
b. Averaging times vary by state. ,
c. Emission lim its  converted to #502/10° Btu where possible.
d. No standard given fo r new sources; most assume federal regulations by reference
proposed power plants units greater than 50 MW and coming on line in 
I960 or later. Units older tban 1960 or smaller than 50 MW were not 
considered because of tbe large number of these units and their small 
total capacity. In addition, regulatory policy for small units has 
been less stringent than that for the larger units. ĵ apendix F 
contains an information summary of all the power plants reviewed and 
lists the enforced SOj emission limit. Corpiling Appendix F was 
ociiplioated by a number of factors vdrich resulted in the review being
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rather unofficial or judgmental. The main problems encountered in the
plant by plant SOg emission review were:
Lack of accurate data— A ocnprehensive list of current power plant 
emission factors with the applicable controlling policy is not 
available (at least publicly) at the federal or state level.
SIP revisions and EPA approval— Many SIPs or SIP revisions have 
not yet been approved by EPA. The enforced standard is often a 
moving target and the perceived standard is not always the 
enforced one. Studies conducted by the NCAQ indicate that some 
state SIP's are overly optimistic in their assumptions for 
attaining the primary NAAQS.
Power plant construction delays— The long lead time required for 
plant permitting and recent delays in plant construction, due to 
reduced electricity demand, have complicated the already complex 
time table for regulation ccxnpliance. Determining which 
regulation was in effect vhen a specific plant was permitted is a 
problem. Some cases have been decided only after lengthy court 
challenges.
The enforced or projected standards (see Appendix F) vary widely by 
state and are not easily siznmarized. Table 5 lists a representative 
sample of the new and proposed (1976-1985 on-line date) power plants 
from ^pendix F, and gives Iheir enforced or expected SÔ  émission 
limit. Plants oomdng on-line during this ten year period would be 
expected to at least have to comply with the 1.2 NSPS. Two large 
plants were selected to represent the typical state SÔ  control 
regulation. It's quite clear by simple observation, that the 
Midoontinent states have not enforced standards any more stringent than 
required by federal law (there are two excepticns, one is KS and one in 
MN). The Western states on the other hand show nine plants out of ten 
with standards more stringent than the federal NSPS.
Discussion
In conclusioi, it seems reasonable to assume that the western 
boundaries of the NGP market area should be defined using state level
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TABLE 5. Representative SÔ  Booission Requirements for New 
and nxposed Power Plants in the NGP Market Area 
(1976-1985) (a)
UT Hunter 
Huntington 
San Juan 
San Juan
#1#1
#3#4
0.18VPSD
0.18VPS0
0.2VPSD
0.2VPSD
State PI ant so? Regulation SOy strategy
Midcontinent NGP Market Area a
AR White B lu ff #2 0.2 ppm Ambient Low S
F lin t Creek #1 1.2 NSPS Low S
IL Duck Creek #1 1.2 NSPS FGD/85%
Marion H 1.2 NSPS FGD/89%
IN Meron #1 1.2 NSPS FGD/?
Peterburg #3 1.2 NSPS FGD/?
lA Lansing H 1.2 NSPS Low S
Neal, George #4 1.2 NSPS Low S
KS Nearman Creek #1 1.2 NSPS Low S
Jeffrey #1 .4VPSD Low S/FGD/50%
LO Big Cajun 2 #1 1.2 NSPS Low S
Pole t H ills #1 1.2 NSPS FGD/?
MI Belle River #1 1.2 NSPS Low S
Presque Is le #9 1.2 NSPS Low S
MN Clay Boswell #4 1.2 NSPS Low S/FGO/89%
Sherburne #1 . .96*/PSD Low S/FGD/50%
MO I a tan #1 1.2 NSPS Low S
Southwest #1 1.2 NSPS FGD/80%
NE Gentlemen n 1.2 NSPS Low S
Platte #1 1.2 NSPS Low S
OK Muskogee #5 1.2 NSPS Low S
Sooner #1 1.2 NSPS Low S
IX Coleto Creek #1 1.2 NSPS Low S
Parish #7 1.2 NSPS Low S
MI Pleasant Praire #1 1.2 NSPS Low S
Weston #3 1.2 NSPS Low S
Western NGP Market States with Low Sulfur Coal
CO Craig n O.IVPSD FGD/85%
Pawnee #1 1.2 NSPS Low S
MT Colstrip #1 1.0/PSD FGD/60%
Colstrip #3 0.18VPSD FGD/95%
NO • Antelope Valley n 0.2VPSD FGD/90%
Coal Creek #1 0.2*/PSD FGD/90%
Western Non-NGP Market States with Low Sulfur Coal
FGD/80%
FGO/80%FGD/90%
FCD/90»
♦Estimated from coal quality  and SO? percentage 
removal given in Smith, M. e t a l,  1980. This i s  
a rough estimate fo r illu s tra t iv e  purposes only 
and should not be misinterpreted as the legal 
emission standard.
a. Sources: appendix F and Smith, M. et al, 1980.
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policies requiring 80-90% SĈ  removal on low-sulfur coals, vArLle the 
Midwest and Texas boundaries should reflect only the 1979 RNSPS 
requirement of 70% on low-sulfur coals. The sensitivity of the Midwest 
and Texas boundaries to an alternative 90% removal standard would be 
investigated although it appears doubtful the Midwest states would 
require scrubbing beyond the 1979 RNSPS.
Future Policy Direction 
Existing air quality standards have evolved over the past ten 
years through administrative and judicial interpretation of the Clean 
Air Act. The Act can be changed significantly if Congress so desires. 
Envircmmental and industry grxxçjs lobby heavily to protect their 
interests in the legislation, and the adninistration also prepares 
recommendations.
Congress
In a keynote address to the Air Pollution Control Association, 
Senator Robert T. Stafford, Vermont, states that in his opinion the 
structure of the Clean Air Act is sound and the Act needs refinement, 
not fundamental changes (Stafford, 1981). As chairman of the Senate 
Environment and Public Works Committee he is a key Congressional figure 
in the Clean Air Act debate. Stafford believes many of the criticisms 
of the Act are in reality criticisms of the way the Act is 
administered. Given the uncertainti.es surrounding the effects of air 
polluticn, he argues that the Act provides for health and welfare 
protection and before he would support amending the Act, he would have
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to be œnvinced that a problem exists and that legislation is needed to 
correct it. Stafford’s counterpart in the House, Henry A. Waxman 
(California), chairman of the energy subcommittee on health and the 
environment, also wants only "finetuning" of the Act (Qmang, 1981).
James T. Braj^ll (North Carolina), ranking Republican on the 
Energy and Commerce Committee, proposed a set of amendments to the Act 
on May 6, 1981. His bill (H.R. 3471) would ease health standards, set 
back compliance deadlines and severely weaken the PSD program (Cmang, 
1981; NCAC, 1981a). The provisions pertaining to health standards and 
conpliance deadlines are similar to those being considered by the 
administration.
While Congressional views may differ on many aspects of the Act, 
it is apparent that policy makers will be taking a hard look at the 
economic effects of seme programs. The impact on economic growth, 
energy development and major facility siting is of particular concern 
(NCAQ, 1981). Defining the costs and benefits of air pollution control 
is complex, but high rates of inflation and an unstable economy have 
heightened the concern over the économie effect of controlling air 
polluticn.
Even though policy makers are concerned about the costs of 
pollution control and government regulation, recent public opinion 
polls show that Americans support programs to enhance environmental 
quality (Utrup, 1981). Congress will undoubtedly consider publio 
opinion when it reauthorizes the Act. Three out of four Americans 
polled in a 1980 Resources for the Future survey (done for the 
President's Council on Environmental Quality) are still concerned about
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reducing air pollution and continue to feel it is a problem. Half of 
t±ie respondents felt air pollution was a serious problem in their own 
communities (Utnç>, 1981).
The Adtrdnistration
Because of the many complexities and uncertainties surrounding the 
effects of air pollution. Congress directed the EPA to set specific 
standards to meet the objectives of the Act. The adninistration, 
throuÿi policy direction to EPA, can influence the way the Clean Air 
Act is administered.
When President Carter introduced the 1977 National Energy Plan and 
called for increased domestic coal use, it was also the 
administration's policy to require the use of the BACT for all new 
coal-buming plants. It was believed that the American pecple would 
not accept increased coal use without strong environmental safeguards 
(Cbstle, 1979). The revised bGPS for coal-fired plants promulgated 
during the Carter Administration have been criticized as being cost- 
inefficient and contrary to Congress' directives (Ackerman, 1981; OTA, 
1979). In 1981, it was apparent that Reagan policy was not in 
agreement with the revised NSPS, and actions were being taken vhich 
implied the Administratiai wanted to revise the revised NSPS.
The Reagan administration had not made detailed reoommendaticns 
concerning the Act nor had it submitted a bill to Congress. Documents 
obtained ty The Washington Post in May, 1981, indicated some major 
policy differences between the various working groips set up ty the 
Administration to review the Act (Cmang, 1981). The White House groips 
known to be working on the review were The Clean Air Act Working Group,
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headed by James G. Watt; Vice President Bush's Regulatory Policy 
Office; the natural resources team at tAe Office of Management and 
Budget; and the Environmantal Protection Agency. Changes to the Act 
discussed in the draft working papers obtained ty The Washington Post 
included dropping federal standards and letting states set their own; 
letting the administration, via EPA, dismantle federal regulation and 
not wait for Congress; maintaining federal health standards but 
loosŒTing them to protect the public from "significant risk of adverse 
effects" instead of "with a margin of safety"; increasing research on 
acid rain; granting three-year extensions to the 1982 conpliance 
deadlines; and replacing site specific rules (PSD) with one new source 
performance standard. The proposed changes were significant and were 
met with opposition in Congress. The Administration commented that the 
papers were only "thinking out loud" and were not final proposals 
(Cmang, 1981).
1981 Policy Principles. President Reagan and Cabinet officials 
agreed in principle with the broad outline of a legislative package put 
together ty top advisers. The details of the legislation were expected 
to t»e released to Congress in late August (Pasztor, 1981); however, in 
a press conference on August 5, 1981, EPA administrator Anne Gorsuch 
announced 11 "broad principles" for amending the Clean Air Act and 
indicated that the Administration would not present its own bill 
(LaBelle, 1981).
The announced "principles" were very general, but several of them 
indicated a major shift in policy that could possibly influence NGP
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coal demand. The most in^»rtant of these refers to new coal-fixed 
plants:
Pollution control standards for new coal-fired plants should be 
based on uniform emissions standards. Environmental protection 
should be üie criterion. (Gorsuch, 1981)
Other administration "principles" relevant to the N3P sttu^ dealt
with health standards, the PSD program, acid rain, state involvement,
and toxic pollutants:
The basic concept of the health-based primary standards in the 
Clean Air Act should be maintained. Cost-benefit analysis should 
not be included as statutory criteria in setting these standards, 
but standards should be based on sound scientific data 
demonstrating vhere air quality represents real health risks.
The current program for the prevention of significant air quality 
deterioration should be maintained for the protection of park and 
wilderness areas. In other areas, protection should be based on 
uniform technology requirement's for pollution control.
Research on acid depositd.cn should be accelerated.
States should be accorded a full partnership in implementing the 
nation’s standards. The Federal Government will monitor state 
achievement of national health and welfare standards.
A more effective hazardous pollutant program should be established 
to allow, for the first ‘time, efficient control of the serious 
health hazards posed by airborne toxic pollutants. (Gorsuch, 
1981)
Because these principles were stated in such gœeral terms, it is 
impossible to make any specific judgments regarding the 
administration's policy.
Bndssion Standards. A return to a uniform emission standard for 
new coal-fired plants could significantly reduce SÔ  scrubbing costs on 
low-sulfur coals, depending on the standard chosen. In all likelihood, 
any uniform standard chosen would be less stringent for low-sulfur coal 
than the 70% minimum removal currently required. If the standard was
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rx>t less stringent, it would preclude the use of many hicfi-sulfur 
coals. Ite coal incJjstry is in fact divided on the issue of vSiether to 
return to a uniform standard. Low-sulfur coal companies are generally 
in favor of a uniform standard. They argue that the SOj percentage 
removal mandated by Ctongress in 1977 is no longer needed to protect the 
market for hi^-sulfur coal. However, backers of the mandatory 
percentage removal requirements claim that utilities would rather pass 
low-sulfur coal transportation cost increases throu^ to customers than 
invest capital in scrubbers (Coal Week, 1981b).
The administration has not yet proposed a specific standard, but 
according to Robert Sansom, a coal consultant with ties to the 
administration, the adninistration is likely to propose a SÔ  limit of
0.8 Ibs./lCf Btu (Coal Week, 1981a). It is feasible that some of the 
better quality NGP coal would be conpliance coal under a 0.8 lbs. 
SOg /lÔ  Btu uniform standard; however most NGP coal would require 
between 10-30% SOj removal, assuming all the sulfur is converted to 
SOg. For example, at Ŵ odak, 0.45% sulfur at 8000 Btu/lb. ixiplies 1.12 
lbs. SOj CKT approximately 30% SOj removal needed; at Decker, 0.4% 
sulfur at 9400 Btu/lb. implies 0.85 lbs. SOg or approximately 6% 
removal needed.
Not all sulfur is converted to SOg. Some may be removed in 
conjunction with particulate control, resulting in less scrubbing or no 
scrubbing at all, depending on the specific coal.
If Congress did repeal the percentage removal requirement mandated 
in the 1977 amendments and allow for a uniform emission standard, a 
complete analysis of its impact on the coal industry would certainly be
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required. Given the special interests involved and the problems EPA 
encountered v*ien setting the revised NSPS, it is questionable v*>ether a 
standard significantly different than the revised NSPS (June, 1979) 
would be any more acceptable.
Acid Rain. Ihe proposal for accelerated research on acid rain 
indicates that the administration will not recommend a control program 
for acid rain. SOg emissions from existing power plants burning hic^- 
sulfur coal in the Midwest are a major cause of acid precipitation in 
the East, and would certainly be a target for fuel switching or PGD 
retrofit under a control program. If required to reduce SĈ  emissions, 
these plants could become a potential market for low-sulfur NGP coal.
In a recent assessment of acid rain policy, Duffield et.al., 1985, 
concluded:
At present there is a great (teal of uncertainty over the target 
level of (SOg ) reduction and the means of achieving that 
rectection.... Acid rain is a bipartisan issue but few Senators, 
perhaps, would want to challenge Presidential leactership on this 
issue, knowing a veto lies at the end of the legislative road. 
...it appears unlikely that acid rain reduction will be mandated 
by Congress in this (tecacte (Duffield et.al., 1985; exerts from 
Chapter IV).
In the absence of a strong cxatmitment to reduce acid rain it is 
doubtful if the "acid rain" plant NSP market will (tevelpp. Midwest 
states have resisted federal emission stamtertte on these plants (see 
SIP discussion) and utilities have conmented that switching boilers 
frcxn bituminous coal to sub-bituminous is often expensive and 
unpredictable.
Other principles. The administration's "principle" pertaining to 
the control of toxic pollutants is not significantly different from 
current policy. If performance standards are recjuired for toxic
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pollutants from ooal-fired power plants, it is uncertain vAietiier any 
specific coal-producing regions would benefit. A ocnplete analysis 
would probably be required by EPA if a proposed standard was projected 
to significantly disrupt current coal markets.
By not specifying the need for a margin of safety when setting 
health-based standards, the ackninistration's "principle" would probably 
result in less stringent ambient air standards. This would ease power 
plant siting problems in areas vhere ainbi^t air standards are the 
restricting standard for new plants. Restricting the PSD program to 
parks and wilderness areas would also ease siting problems.
Althou^ the administration's policy "principles" are nonspecific, 
they would in general result in less stringent standards if passed as 
law. The return to a uniform SÔ  emission standard for new ooal-fired 
power plants could possibly affect the demand for low-sulfur NGP coal. 
The success of a uniform standard is doubtful given the recent court 
review of the RNSPS. The other principles outlined by the 
administration would have a mere site-specific influence on coal 
demand. Iheoretically, relaxing the provisions of the PSD and NAAQS 
would reduce the oorpetitive advantage of low-sulfur NGP coal in areas 
with ambient air quality problems. Siting a power plant in these areas 
is a problem regardless of coal characteristics and usually requires a 
very detailed analysis of site-specific conditions.
Discussions and Conclusions of Air Pollution Policy
Summary of Policy
The far-reaching 1970 Clean Air Act, as amended in 1977, contains
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the provisions for regxilating air pollution from coal-fired power 
plants. The stated purpose of the Act is to protect and enhance the 
quality of the nation's air, so as to protect public health and 
welfare. The Act combines a goal-oriented approach (ambient air 
standards) with a technology-based apçacoach (new source performance 
standards) to achieve this purpose.
In addition to the mandatory requirements specified by Congress, 
various other air quality programs have evolved over the last decade 
through administrative and judicial interpretation of the Act. Three 
programs of air quality regulations can affect the design and operation 
of coal-fired power plants: (1) National Ambient Air Quality Standards
(NAAQS); (2) New Source Performance Standards (NSPS); and (3) 
Prevention of Significant Deterioration (PSD) (includes Classes 
Visibility Protection (VP)). These three programs are somewhat 
interrelated; however, each program has specific regulations vhich must 
be addressed by a utility. The programs apply to existing and new 
plants in different ways. Emissions from existing plants are 
controlled through individual SIPs and vary depending on the state's 
program for attaining and maintaining the NAAQS.
For new plants, however, each program has the potential to become 
the limiting factor in air pollution control. New sources must go 
through a lengrthy review process to obtain various construction permits 
and the final controlling regulation may be a confusing combination of 
all the programs. All new sources must at least meet the NSPS. More 
restrictive standards may be required through the implementation of the 
NAAQS, PSD, and VP programs. The NAAQS, PSD, and VP programs are often
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inpartant vdien sit±ng a specific plant because they limit ambient 
levels of air pollution.
Actual Bnlssion Trends
The rigor with which these programs are allied and enforced is 
usually determined at the state level. States with reserves of high 
sulfur coal and states with a historical use of high-sulfur coal -tend 
to enact policies that favor the use of these coals vhenever possible. 
SIP standards for existing plants are set at levels permitting use of 
local coal if no ambient problems exist. Hiçh-sulfur coal states also 
tend to adept the federal NSPS directly for new plants. In most cases 
these states have also assumed that the federal bGPS is BACT for the 
purpose of PSD review.
The following states have been identified as "hi^ SĈ  " states, in 
that they will generally not require scrubbing beyond the revised 
federal NSPS: Indiana, Illinois, Missouri, Iowa, Arkansas, Kansas,
Oklahoma, Texas, Nebraska, Michigan, Wisconsin, South Dakota, 
Minnesota, and Louisiana. There will be exceptions within these states 
because of the case-by-case analysis required in the PSD and 
nonattainment review process. Fbrecasting emission requirements for 
these plants is complex and requires data on PSD increment 
availability, plant size, terrain, and meteorological conditions.
Western states with low-sulfur coal reserves have adopted 
standards more strirgent than the federal NSPS. Their proximity to 
low-sulfur coal makes its use inevitable regardless of scrubbing 
requirements. Therefore, to reduce the SĈ  pollution vhich would have
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been allowed under the federal NSPS of 1.2 Ib./lÔ  Btu, Western states 
developed policies requiring scrubbing on low-sulfur coal. The states 
identified in this analysis as being "low SOj " are Montana, Wyoming, 
Colorado, Utah, New Mexico, and North Dakota. The scrubbing 
requirements are enforced through SIP provisions allowing states to 
adopt standards more stringent than federal standards. The state- 
specific NSPS vary in form and level, but they all require emissions to 
be below the old federal 1.2 lb. standard. In more recent years, low 
Sp2 states have controlled emissions through the BACT requirement of 
the PSD program. This has resulted in new plants being required to 
remove 80-90% of the SOg vhile the recertly revised federal NSPS only 
requires 70% removal on low-sulfur ooal.
Policy Scenarios Selected for N3P Coal Market Analysis
With the promulgation of the revised NSPS, all new ooal-fired 
plants will require PGD. There is no longer the substantial policy 
difference between air pollution control on low-sulfur cocds and hi^- 
sulfur coals. In addition, the large difference between the old 1.2 
standard and the BACT requirements for PSD has narrowed. The LAER for 
high-sulfur coals can only be slightly more stringent than the 
restrictive revised NSPS. The revised NSPS have narrowed the wide 
range of past scrubbing policies. The narrowed range improves the 
forecasting accuracy of the spatial NGP ooal market model.
When forecasting coal demand, the modeler must make some 
simplifying assumptions about site-specific conditions. For the 
purposes of this analysis, it's reasonable to assume that sufficient 
sites are available vhere ambient air quality does not restrict the
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TABLE 6. Air Pollution Control Policy Scenarios for the NGP Coal 
Market Analysis
Policy
Scenario General
Policy Description   —
Technical
Analysis
Objective
Base Case Most reasonable 
given past and 
current policy 
decisions
Western states(l) 
with source of 
low-sulfur ooal 
will require 
90% SO2 removal 
all other states 
will ^Tforce the 
revised NSPS
Best new 
plant control 
costs for 
defining 
the market 
for NC3P ooal
Low
Scrubbing
Least restrictive 
allowable for 
new plants
All states enforce 
only the revised 
NSPS
To test the 
models sensi­
tivity to 
scrubbing 
policy
Hig^ Most restrictive
Scrubbing uniform eoonomically
feasible for a 
variety of coals
All states require 
90% SOg removal 
regardless of ooal 
type
Tt> test 
the models 
sensitivity 
to scrubbing 
policy
uniform
ceiling
Very limited 
scrubbing on 
low-sulfur coals; 
similar to old 
1.2 lb, NSPS
Ehiission limit of
0.8 lb. SOg/lÔ  
Btu
To test 
the models 
sensitivity 
to scrubbing 
policy
(1) Western states with low-sulfur ooals are MT, VJY, UT, WA, NM, 
and 00.
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siting of power plants. With ttiis assunption, the revised NSPS becomes 
the governing regulation for new plants unless states require a more 
stringent standard based on the BACT provision of the PSD program.
Given the above policy analysis, the review of actual plant 
emissions, and the overall objectives of the NGP coal demand 
forecasting project, the policy scenarios described in Table 6 were 
selected to 1 ) provide the most reasonable SÔ  control costs for 
forecasting NGP coal demand, and 2) test the models forecasting 
sensitivity to reasonable policy alternatives.
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CHAPIER III
AIR POLLUTION CONTROL TBCHNOLOCy AND COST ANALYSIS
Introduction and Background
Chapter II discussed air pollution control policy and Hie air 
quality programs vrtiich can affect the least-cost coal choice for a new 
large ooal-fired power plant. Hiis chapter addresses the available 
control technologies, reviews recent flue gas desulferizaticn (PGD) 
cost studies and develops costs for the market model for the policy 
scenarios selected in the preceding chapter.
The main focus is placed on SOj control costs because they create 
the largest air polluticn control cost difference between NGP coal and 
Illinois coal. Current particulate control technologies are capable of 
high TSF removal efficiencies, rouc^y 99.5%, leaving little room for 
policy changes. Particulate control costs have become fairly 
consistant between studies and are accounted for in the base power 
plant costs developed for the NGP market model. The particulate
control costs are varied in the model according to the rank of coal 
being burned (bituminous, subbituminous, or lignite). The sensitivity 
of the model was not tested against alterative particulate control 
costs.
The Status of SO-, Control Technology
Alternative Control Technologies
Sulfur is a natural constituent of all coals and is present in
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ooal in two forms: organic and inorganic (pyritic) sulfur. Pyritic
sulfur is contained within the ooal inpurities (ash) and can be removed 
with varying degrees of success through physical coal cleaning. 
Organic sulfur is chemically bonded to the coal and cannot be removed 
ty physical cleaning; however, chemical ooal cleaning removes seme 
organic sulfur.
During coal combustion, most of the sulfur is converted to gaseous 
sulfur conpounds (primarily SOg ) that are expelled in the combustion 
gases, ^proximately 95% (by weight) of the sulfur in bitrminous and 
subbituminous coal is released in the flue gases, with 5% remaining in 
the bottom ash (EPA, 1978). The actual percent released as SOg is 
coal-specific and d^aends on the ohemical characteristics of the coal. 
For some high alkaline western coals, as much as 20% of the sulfur can 
remain in the bottom ash {Technekron, Inc., 1979).
Presently, there are four methods of limiting the SÔ  emissions 
from coal combustion (EPA, 1978):
1) Burning low-sulfur coal.
2) Ooal cleaning or preoombustion fuel treatment 
processes.
3) Retaining the sulfur during or immediately following 
combustion in a sorbent material mixed with the coal 
(fluidized bed combustion).
4) Processing the flue gases (flue gas desulfurization) after 
combustion.
Most of the following section is based on an EPA review of 
alternative control technologies (EPA, 1978).
Burning Low-sulfur Ooal. In the 1977 amendments to the Clean Air 
Act, Congress specifically rejected the use of low-sulfur fuels as a
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means of cotiplying with new source performance standards. The revised 
NSPS were to require a percentage reAiction in emissions and the use of 
a continuous oontrol technology.
Ooal Cleaning. Coal cleaning has been used in the ooal industry 
for years, primarily for reducing the waste car refuse material in coal. 
The main fuel treatment processes are physical and chemical coal 
cleaning and sOlvent-refined ooal (SRC). Each process reduces the 
amount of sulfur in the ooal before it is burned.
Physical ooal cleaning (PCC) takes advantage of the different 
physical properties of ooal and refuse. Density separaticn is the most 
common method and entails suspending the ground-up coal in a fluid and 
letting the heavier refuse particles sink to the bottom vhile the 
cleaned coal is skimmed off the top. The amount of sulfur removed 
depends on the mix of inorganic and organic sulfur in the ooal and the 
crushed ooal size (Deurbrouck, 1972). Most midwestem underground coal 
is physically cleaned after mining so that mining (continuous longwall) 
can proceed at a rapid rate (rather than to remove the sulfur) (IGF, 
Inc., 1979).
Chemical ooal cleaning is a more soçhisticated process vhich has 
the potential to remove nearly all the inorganic sulfur and some of the 
organic sulfur. The technology is in the development stage with very 
little operating or economic data available. Chemical coal cleaning 
reduces the sulfur content of coal, but the waste products create 
environmental problems vhich are not yet resolved.
The SRC process dissolves pulverized ooal in a ooal-derived 
solvent at high tenperatures and pressures. The liquid effluent is
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filtered and flashed in a vacuum distillation column. The solvent- 
refined ooal product is then cooled, causing it to solidify. The solid 
product is pulverized and burned similarly to ooal (EPA, 1978).
Ooal -cleaning can be combined with FGD to meet the RNSPS. The FC35 
unit is designed to treat only a portion of the flue gas, resulting in 
reduced unit size and the cost of flue gas reheating. Cost studies for 
a combination of physical coal cleaning and PGD have shown that the 
benefits are a function of the allowable flue gas bypass ratio. As the 
bypass ratio decreases, the oost-effectiveness of combined PGD and PCC 
decreases (Isaacs, et al, 1980). As PGD is used on a greater 
percentage of the flue gas, the economies of scale for PGD make it more 
eooncmical to dispense with ooal cleaning. The increased stringency of 
the 1979 RNSPS have theoretically eliminated the oost-effectiveness of 
a POC/PGD strategy; however, most midwestern high-sulfur ooals are 
still physically cleaned for other reasons (i.e., lower mining costs). 
Coal cleaning credits are given for this sulfur removal vhich result in 
slightly lower PGD conpliance costs. The NGP market model SÔ  control 
costs developed below reflect the benefits of PCC for midwest ooal.
Pluidized Bed Combustion. Coal sulfur conpounds can be removed 
during the combustion process through the application of fluidized bed 
oombustion (FBC). The process involves burning the coal in a fluidized 
bed of inert a ^  and an active SÔ  sorbent. The bed is fluidized by 
injecting air through a distributor plate. A number of different FBC 
systems have been designed and tested at the experimental level. The 
two main categories are atmospheric and pressurized PBC (AFBC and 
PFBC). AFBC is inherently less complex than PFBC, but pilot plant
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experimentation has shown PFBC to achieve higher SOg removal 
efficiencies and better ocntxisticn efficiencies.
In -theory, FBC could be used as a control technique to meet -the 
1979 roJSP. However, the hi^ SÔ  removal requirements of the RNSPS 
push the technology to its limit. The commercialization of FBC for 
large utility power plants is still dependent on research and 
development activities.
The likelihood of a major FBC technology breakthrough (resultdng in FBC 
costs being substantially lower -than conventional boiler technology and 
PGD) is felt by this author to be no more likely than additional 
advances in PGD technology. Ihe -two technologies advance at similar 
rates due to similar costs and environmental problems (i.e., sorbent 
costs and waste disposal ).
Flue Gas Desulfurizaticn. Technically there are many different 
PGD techniques, but basically, a PGD system chemically threats the 
post-combustion flue gases to redjce sulfur dioxide emissions. A waste 
product is generated that can be disposed of (throwaway process) or 
further treated to produce sulfur or sulfuric acid (regenerative 
processes). PGD is currently the utili-ty choice for complying with the 
1979 RNSPS. Presently, 27,155 NW of coal-fired capaci-ty are equipped 
with operating PGD systems. 17,855 MW of PGD-oontrolled capacity are 
under construction, and 51,983 MW are in the FGD planning stages 
(Smith, et al., 1980). Most of the original PGD systems are re-trofi-ts 
on existing power plants, vhereas by 1990 most of the systems will be 
for new plants. îhe relative capacity of PGD-controlled plants is 
small compared to the total existing coal-fired capacity. As discussed
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in the preceding chapter, the emissions from the uncontrolled existing 
plants dwarf those of the plants controlled with PGD.
The following sections discuss PGD technology, cost factors, and 
cost studies and the costing procedure for the N3P coal market model.
Review of Flue Gas Desulfurizaticn Technology
considerable progress has been made in conventional PGD technology 
since the early techniques of 1900, vrtiich were used to produce sulfuric 
acid. Today, PGD techniques are primarily aimed at improving air 
quality (Federal Power Commission, 1977). Much of the improvement has 
resulted from the design and operation of first-generation systems and 
applying that esqperience to new systems. Cost projections for all 
types of developing technologies follow a development or learning curve 
with time (Bechtel National, Inc., 1979). Figure 4 illustrates a 
typical cost development curve.
Lime and limestone PGD systems have been through about one and a 
half generations and are still not considered a mature technology. 
Research and operating experience continue to identify problem areas 
and new techniques. Adipic acid has recently been demonstrated as a 
useful scrubbing additive in lime and limestone processes (Burbank, et 
al., 1980). The acid buffers the system pH and improves SÔ  removal 
efficiency.
Technology advances are also being macfe in the less developed 
regenerative PGD processes. In these processes, the sorbent is 
recycled, vhich redhjces waste disposal. In some processes, the sulfur 
wastes are treated to produce a commercial sulfur or sulfuric acid.
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utilities located in dexisely populated areas may find the regenerative 
processes to be less expensive than the throwaway processes since land 
is scarce. The marketing potential for FGD by-products is, however, 
limited by the delivered price of sulfur from other sources (O'Brien 
and Anders, 1979). Recovering a marketable by-product requires extra 
capital Investment and higher O & M costs. The oost-effectiveness of a
FIGURE 4. Technology Maturity and Process Costs 
(Constant Dollars)
II»
GENERATIONS OF DEVELOPMENT
(From: Bechtel National Inc., 1979)
more expensive by-product systan usually depends on site-specific 
conditions. Japan is a good example of how site-specific factors can 
influence FGD technology. The Japanese have installed FX3D on most of 
their industrial and utility boilers and th^ are obtaining greater 
lhan 90% SOg removal. It's interesting to note that many of the 
Japanese systems were designed by U.S. vendors (EPA, 1979a). Several
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site-specific reasons exist for the advanced level of PGD technology in 
Japan:
1. Japanese standards for ambient SÔ  are tte most stringent in 
the world.
2. In Japan, unlike in the United States, power and chemical 
plants are generally in close proximity, enabling the use of 
desulfurization by-products such as sulfuric acid.
3. Because land is at a premium in Japan, the disposal of 
potentially recoverable waste is uneconomical; in tiie United 
States, on the otiier hand, landfill disposal of sludge from 
PGD units is common.
4. Natural gypsum is scarce in Japan, making it eoanomical to 
recover gypsum from lime/limestone scrubbers. The same 
product, however, is unmarketable in U.S. markets.
5. Wastewater standards in Japan are not generally as stringent 
as those in the U.S. (DŒ, 1978).
One of the major developments in the U.S. during the past two 
years is the commercialization of dry SÔ  oontrol systems. Dry SÔ  has 
proven to be more economical than wet PGD on coal with sulfur content 
less than 1.5% (EPA, 1979b). In addition to having lower costs, the 
simplicity of dry PGD is anticipated to increase reliability. The 
major advantages according to EPA are:
1. The dry system requires no wet sludge handling equipment. 
Althou^i the amount of waste produced on a dry basis is 
larger for a dry scrubber than a wet system, it appears to be 
easier to dispose of and handle.
2. The dry system requires approximately 25% to 50% of the 
energy required for a wet system.
3. The dry scri±her will use about 30% to 50% of the amount of 
water required for the wet system.
4. Although reliability data cxi dry systems are limited, due to 
the siiTplicity of the flow sheet, dry systems could have 
availabilities significantly higher than for conventional wet 
limestone scrubbers (EPA, 1979b).
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Dry FGD cxambijnes SOg and particulate control into a single process, 
which makes it even more inviting than conventional wet PGD. A number 
of utilities have recently selected dry PGD for new boilers. Table 7 
lists the recent contract awards for dry PGD.
Operating e3̂ )erienoe and ongoing research with conventional wet 
PGD are helping to lower system costs and increase reliability. EPA's 
review of PGD technology for promulgation of the 1979 RNSPS found that 
conventional lime and limestone PGD systems can remove 90% of input 
coal sulfur with reasonable cost. The utility industry's 
inefficiencies in the past have been blamed on lack of trained 
operators, nonocmmitment, and poor choice in vendor models (OTA, 1979).
A complete analysis of alterative PGD technologies and their 
ocmparative costs is beyond the sccpe of this chapter. It is possible, 
however, to briefly examine utility process preferences. Table 8 lists 
the chemical process selection for existing and proposed utility PGD 
systems. The table shews an obvious preference for the limestone and 
lime-based systems. These two processes account for 84% of total PGD 
capacity shown.
Selected Technology for NGP Market Model
Given the current utility preference for limestone and lime PGD, 
the SOg control technology assumed for the NGP model power plant is wet 
lime scrubbing, except then Icw-sulfur coals are only subjected to the 
70% removal requirements of the 1979 RNSPS (policy decisicxi, see 
preceding chapter): then dry scrubbing technology is assumed.
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Flue Gas Desulfurization Cost Factors
Flue gas desulfurization œsts are of interest to a variety of 
audiences. The Environmental Protection Agency's revision of the New 
Source Performance Standards for electric steam generating units 
stimulated the debate over PGD oosts. TJiey key variables that affect 
FGD oosts are size of the generating plant, type of ooal, averaging 
time for SÔ  oontrol, and level of oontrol required.
A review of published PGD oosts data ( 1975 to mid 1978 ) was
conducted by Bechtel National, Inc., for the Electric Power Research 
Institute (EPRI) in 1979 (Bechtel National, Inc., 1979). The review 
noted a wide variability that stems from differences in (1) design 
requirements for meeting various emission standards, (2) scope of 
facilities included in the estimate and design redundancy, (3) degree 
of conservatism enployed by the estimator, (4) component pricing, (5) 
cost levelization procedures, (6) purposes of the estimate and level of 
effort expended, (7) plant location, (8) plant cspacity, and (9) year 
of estimate (Beohtel National, Inc., 1979). Recent studies not
included in the Bechtel review have similar differences but to a lesser 
degree. Design parameters are more standardized due to recent efforts 
to estimate the costs of the revised NSPS. The time frame of the
estimates is of course more recent, and plant capacity ranges have been
narrowed. There are still substantial differences in the methodologies 
for corputing levelized annual revenue requirements.
The ccnponents of PGD oosts include capital oosts, both direct and 
indirect, and annual operating and maintenance oosts. Direct capital 
oosts represent the equipment and labor to build the system. Indirect
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TABLE 7. CONTRACT AWARDS FOR SPRAY DRYER-BASED PCD SYSTEMS
o\o
Installation
Size, 
gross MW
Fuel 
type (% S)
S02 
removal, %
Alkali raw 
material
Startup
date Vendor
Utility Boiler
Coyote Unit I 456 Lignite (0.78) 70 Soda ash 4/81 Rl/Wpa
Laramie River Unit 3 575 SubbiLuminous (0.54) 85 Lime 4/82 B&WC
Antelope Valley Unit 1 440 Lignite (0,68) 62 Lime 4/82 Joy/Niro^
Shiras Unit 3 44 Subbituminous (1.5) 80 Lime 9/82 Buell/Anhydro
Stanton Unit 2 63 Lignite (0.77) 73 Lime 9/82 R-Cd
Craig Unit 3 447 Bituminous (0.70) 87 Lime 4/83 B&W
Holcomb Unit 1 319 Subbituminous (0.30) 80 Lime 6/83 Joy/Niro
Rawhide Unit 1 260 Subb i tuminous (0.29) 80 Lime 12/83 Joy/Niro
Springerville Unit 1 350 Subbituminous (0.69) 61 Lime 2/85 Joy/Niro
Springerville Unit 2 350 Subbituminous (0.69) 61 Lime 9/86 Joy/Niro
Industrial Boiler
Strathmore Paper Co. 146 Bituminous (2,0-2.5) 75 Lime 7/79 Mikropul
Celanese Fibers Co. 226 Bituminous (1.0-3.5) 70-80 Lime 1/80 RI/WF
Calgon 176 — 75 Soda ash 6/81 Niro/Joy
University of Minnesota 836 Subbituminous (0.6-0.7) 70 Lime 9/81 Carborundum
Argonne National Lab. 296 Bituminous (3.5) 80 Lime 9/81 Niro/Joy
Based on contact with vendors representing the status of announced contracts through October 1980. 
Rockwell International/Wheelabrator-Frye.
Western Precipitation Division of Joy Manufacturing Company/Niro Atomizer, Inc.
Babcock & Wilcox.
Research-Cottrell.
Based on 2,900 aft /MW.
a.
b.
c.
d.
e.
From; Burnett, T.A., and K.D. Anderson, 1981.
Table 8. Distribution of FGD Systems by Arooess
Process
FGD capacity (ESC), MW
Operational
Under
construction Planned Total
Limestone® 11,172 8,816 16,164 36,152
Lime^ 9,869 4,940 6,035 20,844
Lime/spray drying 0 1,120 1,907 3,027
Lime/1imestone 20 0 475 495
Sodium carbonate 925 330 250 1,505
Magnesium oxide 0 574 750 1,324
Wellman Lord 1,540 534 0 2,074
Dual alkali 1,181 0 842 2,023
Aqueous carbonate/
spray drying^ 0 540 0 540
Citrate^ 60 0 0 60
Total 24,767 16,854 26,423® 68,044
Includes alkaline fly ash/1 
. configurations.
Includes alkaline fly ash/1 
^ tions.
Includes nonregenerable dry 
 ̂configurations.
This system is operating at 
and is listed as a utility 
g a 25-MW interchange to the 
Because the processes of al 
in this status category are
imestone and limestone slurry process design
ime and lime slurry process design configura-
collection and regenerable process design
the St. Joseph Zinc Co., G. F. Wheaton Plant 
FGD system because the plant is connected by 
Duquesne Light Company.
1 planned systems are not known, the totals 
less than those described, in the text.
(Source: Smith, M.P. et al., 1980)
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capital costs include engineering, freight, taxes, interest, spare 
parts, land far sludge disposal, and anything else that is not an 
equipment item. Total capital costs are usually presented in dollars 
per kilowatt ($/Wtf). The capital costs are then amortized and
expressed in mills per kilowatt-hour( this requires a capacity factor 
assumption). The operating and maintenance (O & M) costs include the 
costs of fuel, operating labor, maintenance and repairs, and energy 
penalties. O & M costs are given in mills/kWh and vî en adcted to the 
amortized capital cost yield total annual operating costs (EPA, 1978a).
Table 9 shows the results of a study vAiich illustrates cost 
differences from coal quality, PG3D process design, and emission 
averaging times. The cost estimates were made for EPA by PEDCo 
Environmental, Inc. (PEDOo) during EPA's analysis of the alternative 
RNSPS (PEDOo, 1978). The estimates are for 90% SOg removal on both 
coals and are shown here for conparative purposes. Substantial cost 
differences (2 mills/kWh) are seen between the low and higb sulfur 
coals, with smaller cost differences (<1 mill/kWh) resulting from the 
different processes and averaging times. The shorter averaging time is 
more expensive to control for because extra scrubber capacity is needed 
to handle short-term SOj variations.
Additional factors v̂ vLch have been shewn to influence FGD costs in 
other studies are power plant economies of scale, coal ash alkalinity, 
coal moisture content, and coal chlorine content (Bechtel Corporation, 
1978; PEDCo, 1978). Detailed coal-specific FGD cost studies are 
required to evaluate these factors and are beyond vhat is needed for 
this report. The FGD costs used in this analysis have been simplified
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TABLE 9. A Conparison of PEDCo FGD Cost Estimates (1980 $)
Averaging
Time
Capital
($/kW)
0 & M 
(mills/kWhr)
Total
(mills/kWhr)
Lime PGD
Eastern HS 13.5%) 3 hr 139.5 4 .3 0 9.87Western LS {:.8%) 3 hr 119.4 2 .9 3 7.70
Eastern HS 1:3.5%) 30 day 134.9 mm «■» 9 .6 9Western LS 1:.8%) 30 day 115.6 — — 7 .5 5
Limestone FGD
Eastern HS 1[3.5%) 3 hr 160.2 4 .0 5 10 .45Western LS I(.8%) 3 hr 137.2 3 .0 9 8 .5 7
From; PEDCo, 1978. Table 4-5, Pb-ge 4-17.
Basis: New 500 MW plant
35 year life 
65% capacity factor 
90% SOg reduction
1 spare module
22.75% fixed charge rate
On-site stabilized sludge
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so that they are specific only for coal quality (lb. SOg/lÔ  Btu) and 
emission control reguiremant.
Prelecting Future FGD Posts
In order to make NGP coal demand forecasts to the year 2010, PGD 
costs must be estimated for power plants to be built in the year 2000. 
Projecting costs and technologies for the year 2000 is definitely 
forecasting. Recent cost trends in utility air pollution control are 
difficult to interpret because emission control standards have changed, 
causing compliance costs to change. The oonplianoe cost for a given 
power plant is complicated by plant location, specific control level, 
coal quality and PGD design technology. Once the PGD system is 
designed and built, the system's real cost will escalate with the real 
rate of escalation for O & M costs. However, a new plant forecast to 
be built in 1990 might be subject to new control requirements and 
increased or decreased real capital and O & M costs.
It is important to note that government policy requires that NSPS 
be set at levels forcing the development of new technologies. These 
standards must also be updated periodically. Uhder a constant 
standard, costs per unit of control would probably decrease due to the 
econcmies of optimization, econcmies of scale, learning curve 
experience, and supplier competition. Because the I^PS are set at a 
technology forcing level, the degree to which these economies will be 
realized in the future is unknown.
The implying assunpticm made in this analysis is that the real 
cost savings associated with technology advancements will be equally 
offset by real cost increases due to revised federal NSPS. therefore,
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in the NGP market model, future air pollution control costs will 
escalate only with the estimated real escalation rates for SÔ  control 
capital equipment and operating costs. The market model escalation 
rates are generated by a simple time series regression analysis of 
r^resentative price indexes. The estimated real escalation rate for 
capital equipment was found to be very lew, 0.5% annually, vArLle 
operating costs are projected to increase at a real rate of 1.2% per 
year in the base case scenarios (see Chapter IV).
The above assutpticn results in real increases for future air 
pollution control costs. Given the increased concern over the 
environmental impacts of current PGD sludge disposal paractices, this 
seems to be a logical assunpticn. In the past, enphasis was placed on 
removing SÔ  and little concern was given to groundwater pollution from 
Ihe PGD sludge.
A Review of Recent FGD Cost Studies
Five PGD cost studies are reviewed and ocnpared. The coal 
qualities and scrubbing requirements vary from study to study, but 
costs are given for a representative Icw-sulfur western coal and a 
high-sulfur eastern coal in all the studies. Due to the different 
costing procedures, the absolute costs between studies are not as 
ûiportant as the ocnparative costs within a study.
Bechtel National, Inc. for EPRI (Bechtel National, Inc., 1979). 
Bechtel estimated PGD costs for 8 PGD processes and two coal types—  
eastern high-sulfur and western low-sulfur. The PGD systems were
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designed to remove 85% of the Spg. Table 10 summarized tbe annualized 
Bechtel costs In mills/kWhr. The Bechtel study assumes a 6% inflation 
rate and a .18 fixed charge rate. The cheapest process for both coals 
was lime slurry qpray dryer/fabric. For the lew-sulfur western coal it 
was substantially cheaper than for all the other processes.
TT̂ BLE 10. Bechtel FGD Cost Estimates (June 1978 $)
Hiffh-sulfur
Cost
mills/kWh Low-sulfur
Cost
mills/kWh
Lime slurry spray dryer/ 
fabric filter
10.3 Lime slurry spray dryer/ fabric filter
3 .7
Chiyoda I2l 11.7 Chiyoda 121 7 .2
Limestone slurry 12.7 Lime slurry 7 .6
Magnesia slurry 12.7 Limestone slurry 8.0
Lime slurry 13 .2 Double alkali 8.2
Double alkali 13 .5 Magnesia slurry 8.6
Wellman-Lord 15 .0 Wellman-Lord 9.1
Absorption/steam stripping/ 
EESOX 15 .7
Absorption/steam strip- 
ping/RESOX
13.6
(Prom: Bechtel National, Inc., 1979)
BASIS: New 2 X 500 MW coal fired plant, midwest location
30-Year plant life
Hi^ sulfur coal - 4.0% sulfur (avg)
Lew sulfur coal - 0.48% sulfur (avg)
Capacity factor 70%, 6132 hrs/yr
SOg emission per proposed September, 1978 NSPS
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Note that the new Chiyoda CT-121 system costs are lower than the 
traditional limestone and lime FGD. Ihe Beohtel values for limestone 
and dry lime PGD have been adjusted to constant 1980 dollars in Table
11. Ihe adjustment assunptions are shown at the bottom of Table 11. 
Ihe adjusted costs indicate that western coal costs are 61% and 35% of 
eastern coal FGD costs for limestone and lime spray dryer, 
respectively. These adjusted costs (shown in Table 11) will be 
ocnpared later (Table 17) to the other cost studies reviewed.
TABUS 11. Adjusted Bechtel Limestone and Lime Spray Dryer FGDCosts (Constant 1980 $) a.
Capital First Year 0 & M Total Annualized
FGD Process/Coal Type $/kW (mills/kWhr) (mills/kWhr)
Limestone
Western LS 138.0 2.98 5.28
Eastern HS 183.6 5.40 8.71
Lime spray dryer
Western LS 55.0 1.52 2.4-9
Eastern HS 141.5 4.48 7.08
a. Adjustment assumptions:
June 1978 $ X 1.169 = 1980 $
.65 capacity factor
.0741 fixed charge rate, 30 year life
1.17 0 & M real cost levelizer (1.2^ real escalation/year)
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Radian - SRI Estimates for EPRI (Oliver and Semrau, 1980). EPRI 
contracted with the Radian Corporation and SRI International to 
investigate the design and economics of hic^ SOj removal. Costs were 
estimated for two coal types —  a western low-sulfur coal (0.4% S) and 
an eastern high-sulfur coal (4.0% s); three SÔ  removals —  84%, 93% 
and 99%; and three PGD processes —  Alkali magnesia, limestœe and 
lime. Costs were also estimated for various levels of magnesium and 
chloride in the slurry liquors. The major design considerations were 
liquid-to-gas ratio and volume of the process slurry holding tank.
The study results showed limestone PGD to be cheaper for the 
western coal than magnesia PGD. Ihe limestone levelized costs were 8.5 
and 8.9 mills/kWhr for 93% and 99% SÔ  removal, respectively. For the 
western coal, the levelized limestone PGD costs were 13.0, 14.1, and 
15.4 mills/kWhr for 84%, 93%, and 99% SOj removal, respectively.
The report enphasizes that the significance of the results lies in 
the ocnparative numbers and not in their absolute magnitude. Ihe two 
key findings were that the costs increased for the higher SOg removals, 
but not by the order of magnitude originally anticipated and that the 
magnesium and chloride levels in the scrubbing liquor significantly 
affected the lime and limestone PGD costs.
Table 12 presents Radian-SRl limestone FGD cost estimates for 93% 
and 84% SÔ  removal on the western and eastern coal, respectively. 
These two percentage removals were selected because they were the 
closest options to the 1979 RNSPS. The 93% removal for western coal 
is, however, quite a bit more restrictive than the 70% removal required 
by the 1979 RNSPS. Table 12 shows the PGD costs for western coal as
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65.5% of the PGD costs for the eastern coal.
Table 13 lists the Radian-SRl costs standardized to 1980 $ 
(adjustments are the same as those made in Table 11 for the Bechtel 
costs). The adjusted values indicate that western coal limestone 
scrubbing costs are 59% of eastern coal costs. The 59% Radian-SRl 
compares reasonably to the 51% estimated for the adjusted Bechtel 
limestone costs.
TABLE 12. Radian-SRl Limestone FGD Revenue Requirements as 
Reported (1979 $) a.
Coal Type Capital ($/kW) Levelized HR (mills/kWhr)
Western LS 122.8 8.50
Eastern HS 164.6 12.97
(From; Oliver, E.D., and K. Semrau, 1980. Tables 4-2 and 4-3, pages 4-3
a. Premises; Case; LS 93 W; western coal - Q.kQ% S; 93^ S0„ removal
Case; LS 84 E; eastern coal - 4.00^ S; 84^ SO- removal
30 year life 
0.7 capacity factor
6,0% inflation, .18 fixed charge rate, 1.886 0 & M levelizing 
factor
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TABLE 13. Adjusted Radian-SRl Limestone FGD Revenue Requirements (Constant 1980 $) a.
Capital First Yeax 0 & M Total Annualized 
Coal Type ($/kW) (mills/kWhr) (mills/kWhr)
Western LS 136.3 2.5^ 4.75
Eastern HS 182.7 4.80 7-99
a. Adjustment assumptions:
1979 $ X 1.11 = 1980 $
,65 capacity factor, 30 year life 
.0741 fixed charge rate
1.17 0 & M real cost levelizing factor (1.2^/year)
Tennessee Valley Authority (TVA) FGD Costs. TVA has estimated PGD 
costs for its own use and as a contractor for EPA and DOE. In the 
past, TVA cost estimates were substantially lower than similar cost 
studies by PEDCo. The lower costs were due, in part, to different 
assunptions for indirect costs, process design (i.e., TVA did not 
Include spare scrubber modules), and annualized revenue requirements 
(i.e., 80% plant capacity factor for TVA vs. 65% for PEDCo; TVA also 
uses a lower capital charge rate) (PEDOo, 1978).
TVA has altered some of its assunptions in recent studies and 
their estimates are now closer to those of other researchers (PEDCO, 
1978; Ball, 1980). TVA's most recent cost analysis compares the cost 
of meeting the revised NSPS for four different coal types and two 
different control technologies (Burnett and Anderson, 1981). Ihe
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primary purpose of the study was to ccrrpare the costs of dry scrubbing 
to the costs of wet scrubbing for different coals. SOg and particulate 
control costs were combined in the analysis because of the difficulty 
in separating the two costs in the generic lime spray dryer PGD 
process. The lime spray dryer collects both SOj and particulates; 
therefore, cost ocnparisons with limestone scrubbing must include 
particulate control. TVA's estimates are for a new 500 MW power plant 
burning four different coals and using either a wet limestone slurry 
with an electrostatic precipitator (ESP) or a lime (or soda ash) spray 
dryer with a ba^nouse. Table 14 lists the combinations of coal type 
and control technologies investigated.
TABLE 14. Coal Types and Control Technologies Investigated by TVA
Subbituminous
(western)
Bituminous
(eastern)
Bituminous
(eastern)
Coal Type 
Btu/lb. % S* 
6,600 0.6
Control Technology
9,700
11,700
11,700
0.6
0.7
3.4
^  Ash
7.2
9.7
15.1
15.1
1. S0_ & TSP; lime
2. SOg: limestone.
spray dryer. 
TSP, ESP,
1. SO, 4 TSP; soda ash spray dryer.
2. SOg 4 TSP; lime spray dryer.
3. SOg; limestone; TSP; ESP.
1. SOg 4 TSP; lime spray dryer.2. SOg; limestone; TSP; ESP.
1. SOg 4 TSP; lime spray dryer.
2. SOg: limestone; TSP; ESP.
(PromtBurnett and Anderson, 1981) a. as fired.
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TVA’s results indicate that dry scrubbing has lower capital costs 
than ESP-wet limestone slurry scrubbing for every coal type and lower 
annual revenue requirements for all coal types except high-sulfur 
eastern bituminous coal. Table 15 summarizes TVA's estimates.
The lower costs for dry scrubbing result from lower equipment 
costs and lower utility and maintenance costs. These lower costs are 
partially offset by higher absorbent costs for lew-sulfur coals and 
conpletely offset by high absorbent costs for hic^-sulfur Eastern coal 
(making dry scrubbing more expensive for that coal type). TVA 
qualified its results by emphasizing that its dry scrubbing costs are
TABLE 15. TVA Capital Costs, O & M Costs, and Annual RevenueRequirements for Dry and Wet Scrubbing on Different Coal 
Types a
Lignite
Low-sulfur
Western
Low-sulfur 
Eastern
High-sulfur 
Eastern
Diy Wot Wei Dry Wet 5 2 Wet
165 215 159 154 176 151 185 200 244
3.19 3.83 3.17 2.79 3.19 2.73 3.39 6.25 5.26
10.43 12.96 10.23 9.39 10.73 9.18 11.35 17.13 16.43
Capital costs d
(1962 $/kW)
First-year 0 & M j
(1964 mllls/kWhr)
l«velized Annual ^
Revenue Requirement
(1984 mllls/kWhr)
(From: TVA, 1981; Tables 5 and 6, pp. xxxl and x x x i l l . )
a. Includes both particu late  and S0_ control to meet the 1979 NSPS, TVA 
economic premises.
b. Dry control with soda ash absorbent.
c. Dry control with lime absorbent,
d. Table 5, p. xxxi.
e. Total f i r s t  year 0 & M from Table 6, p xxxl, converted to mills/kWhr, 
using the TVA assumptions of a 500 MW plant operating 5500 hours/year.
f .  Table 6, p, x x x ii l .  TVA’s annual revenue requirement is  calculated 
assuming a 500 MW plant operating 5500 hours/year, 30-year plant l i f e ,  
14.7^ u t i l i t y  cap ita l charge ra te , and a levelized operating factor o f 
1.686 based on 10# u t i l i t y  cost of money and 6# annual in fla tio n .
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based on design criteria and that the technology is essentially 
unproven for large utility boilers. When operating data become 
available, the design considerations may have to be revised.
Ihe economic premises used by TVA make it difficult to oonpare 
their costs to the other studies. Since there is no way to extract the 
particulate control costs, the TVA data is not standardized to 1980 $ 
for ocnparative purposes. However, taking the costs as they are, show 
that the western coal PGD costs are 65% and 55% of eastern costs for 
wet limestone and dry lime PGD, respectively. These differences are 
similar to those seen in the previous two studies.
NERA-ICF PGD Oosts (IGF, Inc., 1980 a.). ICF, Inc., did an 
analysis of the economic iirpacts of environmental regulation for the 
Edison Electric Institute, and used PGD costs developed by the National 
Economic Research Associates (NERA). Costs were given for the 
different coal quality divisions of the ICF coal model. Only capital 
and O & M costs were reported because the coal model oonputes the 
annualized cost internally. Table 16 presents the PGD oosts for two 
coal qualities —  a low-sulfur and a hic^-sulfur coal. The total 
annualized oosts were calculated as explained in Tables 11 and 13, 
except that the NERA-ICF values were already in 1980 dollars. An 
energy penalty associated with the oosts was estimated assuming coal 
costs of $1.10/10* Btu and a plant heat rate of 10,500 Btu/kWhr. No 
comment was made as "to vhat PGD process was being used. The oosts were 
based on the 1979 RNSPS with credit given for physical coal cleaning. 
The low-sulfur coal PGD cost is 56% of the high-sulfur cost (once again 
similar to the previously reviewed studies). The annualized NERA-ICF
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oosts are lower than the earlier cost studies reviewed; however, they 
are the first costs calculated for the actual 1979 NSPS (except to the 
TVA oosts, vhich included particulate control ). The Bechtel and 
Radian-SRl studies estimated the low-sulfur coal PGD costs at 85% and 
93% SĈ  removal, respectively (vhich made total costs higher).
TABLE 16. NERA-ICF FGD Cost Estimates (Constant 1980 $)
Energy Capital 0 & M Total Annualized ̂
Coal Type Penalty (̂ ) ($/kW) (mills/kWhr) (mills/kWhr)
B (low-sulfur) 2.24 II3 .6 I .63 3.68
H (high-sulfur) 2.70 167.7 3.40 6.53
(From: ICF, Inc., 1980 a. Table B-66, p. B-83)
a. Basis; The energy penalty is considered an 0 & M cost.
Its cost equals x ^  , looo >
.0741 fixed charge rate, 30-year life
.65 capacity factor
1.17 0 & M real cost levelizer
EPA PGD costs. EPA has been investigating PGD technology and 
eccnanics for over a décrié in its efforts to protect and improve air 
quality. Most of the EPA studies are done by private consulting firms 
analyzing a specific problem defined by EPA. The different objectives 
and engineering assunptions used in these studies make it difficult to 
oonpare the oosts directly or to calculate an "average" EPA PGD cost.
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Instead of trying to derive an "average" PGD cost from all these 
studies, the oosts from a single, but diverse, study were selected to 
represent EPA PGD costs. Ihese costs were used in EPA’s final analysis 
of the revised NSPS and are reported in "The Final Set of Analyses of 
Alterative, New Source Performance Standards for New Coal-Fired Power 
Plants" (ICF, Inc., 1979). This study was selected partially because 
the PGD costs are presented in a consistent format for various levels 
of control and coal quality (lbs. SOî /lÔ  Btu). In addition, the costs 
were widely reviewed.
To understand and interpret the costs, a brief background of the 
study is helpful. In the Clean Air Act Amendments of 1977, Ctngress 
directed EPA not to give any one coal-producing region a corpetitive 
advantage v*ien setting the revised NSPS. To fulfill this directive, 
EPA ccmmissicned a Washington, D.C., consulting firm, ICF, Inc., to use 
its computerized coal supply and demand model to analyze the ûrpact of 
several alternative NSPS on the coal industry. The analysis is 
reported in a series of four documents; however, the costs reported 
here are from the final document (ICF, Inc., 1979). The costs derived 
from cost curves developed by PEDCo Environmental, Inc., for EPA.
Ihe stud^ gives FGD costs for six different coal sulfur levels, 
each of vhich represents a range of coal sulfur levels. The sulfur 
categories were defined by either the sulfur levels needed to meet 
various air pollution standards for the sulfur levels resulting from 
the standard levels of preparation for bituminous coal. Table 17 lists 
the six EPA-ICF sulfur categories, their respective ranges, and the 
assumed sulfur reduction from preparation. The ICF coal model has
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TABLE 17. EPA-ICF Sulfur Categories and Assumed Percent Sulfur Removed
IGF*
Gode
Haw Goal 
(lbs.S/10° Btu)
Assumed 
% Removal
IGF Prepared Ranges 
(lbs. S/10° Btu)
IGF 
Description 
(lbs. S/10° Btu)
EPA-ICF 
Quality 
(lbs. SO9/I0 V
A 0.00 - 0.40 0 0.00 - 0.40 0.40 0.80
B 0.41 - 0 .60 0 0.41 - 0.60 0.60 1.20
D 0.64 - 0.83 0 0.64 - 0 .83 0.83 1.66
F 1.09 - 1.96 15 0.93 - 1 .67 1 .67 3 .3 3
G 2.58 - 3.85 35 1.68 - 2.50 2.50 5 .00
H 3.85 à over 35 over 2.50 3 .3 3 6.66
(From: IGF, Inc., 1979, p. A-2 and Table II, p. G-■6)
à. Coals G and E are assigned to the next lower category if cleaned or 
added to the next higher category if not cleaned.
a more elaborate procedure of accounting for coal preparation and
identifying coal sulfur levels (than that shewn in Table 17), but for
the purpose of assigning FGD costs, ICF sinplified the process. The
sulfur preparation (washing) credits were based on an analysis of
actual coal preparation practices by state and a review of the Bureau
of Mines data on the sulfur reduction potential of U.S. coals.
As discussed earlier, a number of factors influence FC35 costs for
a given coal. EPA-ICF made several sinpli^ing assunptions due to
conputer modeling problems and data limitations. The following
assunptions were made:
There would be no sulfur retention in ash and no sulfur redaction 
would occur during pulverization.
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An annual average emission limit is 20% lower than a 30-day 
average maximum limit.
All bituminous coals will be prepared to the degree estimated in 
the model (Table 17).
Table 18 lists the FGD costs for meeting the 1979 RNSPS assuming 
dry PGD technology will be realized on lew-sulfur coals (B). Coal H's 
costs reflect a 35% sulfur reduction credit for preparation. Included 
in Table 18 is the capacity and energy penalties associated with each 
coal quality. The penalties are part of the PGD cost and must be used 
vhen estimating total scrubbing oosts. When used in the ICF coal 
model, the computer applies the penalties as needed. To make 
approximate total cost calculations, it is reasonable to assume that 
the base power plant has a capital cost of $900/kW, 10,500 Btu/Wihr 
heat rate, and coal costs of $1.10/10̂  Btu. Given these assunptions, 
the penalty oosts can be computed and added to the PGD capital and O & 
M costs. Once this is done the levelized real cost can be computer as 
described earlier (Table 11). Table 19 presents the results of the 
above calculation for coals B and H. Par the EPA-ICF 1979 RNSPS costs, 
the low-sulfur coal B has costs that are 49% of coal H's PGD costs. 
The EPA-ICF cost difference compares well with the earlier studies.
Table 20 presents the EPA-ICP costs for 90% removal of the three 
coal qualities B, P, and H. The levelized total cost was calculated 
for coals B and H and is shown in Table 21. The costs for the high- 
sulfur coal H do not increase vhen going from the RNSPS to 90% removal 
because the RNSPS require 90% removal of high-sulfur coals. The PGD 
oosts increase substantially for the low-sulfur coal B ihen going from 
the RNSPS to 90% scrubbing. The increase is due to the extra
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percentage SÔ  removal and the switch to a more expensive process 
(i.e., from dry to wet scrubbing). The iirplications of this large 
increase in costs witii rather minor reductions in SÔ  emissions was one 
of tiie major reasons v*y EPA did not select a full 90% scrubbing option 
for the 1979 NSPS.
TABLE 18. EPA-ICF FGD CostS for Three Coal Qualities 
Meeting the 1979 NSPS (1980 $)
Coal Quality
lbs. SO2/IO Btu (Long-Term Average)
Capital ($/kW)
0 & M (mills/kWhr) 
Capacity penalty (%) 
Energy penalty
B
0.81-1.20 
46.9 
2.06  
0.5 
0.5
1.67-3.34
121.7
2.49
2.60
3.75
(f̂ ôiî ICF, Inc., 1979, p. B-12)
a. EPA-ICF values multiplied by 1.22 to convert to 1980 dollars.
H
>5.00
136.4
3.23
2.65 
3.80
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TABLE 19. Total Levelized EPA-ICF FGD Costs for Ccnpllanoe
with the 1979 RNSPS (Constant 1980 S)
Capital a. First Year 0 & M b. Total levelized c. 
Coal Type ($/kW) (mills/kWhr)______  (mills/kWhr)_____
B (low-sulfur) 51*6 2.12 3*15
H (high-sulfur) 163-9 3*6? 6.43
a. Capital LS = 46.9 + (900 + 46.9) X 0.005 = 51.6
Capital HS = 136.4 + (900 + 136.4) X .0265 = I63 .9
t. 0 4 M LS = 2.06 + X X 0.005 X 1000j = 2.12
0 4 M HS = 3 .23 - g l L  X X 0.038 X XOOo] = 3.67
c. Same Basis as Table 16 .
TABLE 20. EPA-ICF FGD Costs for Three Coal Qualities and 90% SÔ
Removal a. (1980 S)
Coal Penalty 
lbs. SOg/lO® Btu (Long-Term Average)
B F H
0.81-1.20 1.67-3.34 >5.00
Capital ($/kW) 131.8 134.8 136.5
0 & M (mills/kWhr) 2.26 2.93 3-23
Capacity penalty 2.75 2.75 2.65
Energy penalty 4.35 4.75 3.80
(Prom: IGF, Inc., 1979, p. B-2)
a. Same as Table 18.
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 21. Total Levelized EPA-ICF FGD Costs for 90% SOtg
Removal (Constant 1980 $) a.
Capital First Year 0 & M Total Levelized 
Coal Type ($/kW) (mills/kVfhr) (mills/kWhr)
B (low-sulfur) 160.2 2.?6 5*32
H (high-sulfur) 163-9 3>6? 6.43
a. Calculated as explained for Table 19.
Table 22 presents the estimated EPA-ICF PGD œsts for a 0.8 lb. 
SOg/lÔ  Btu emission ceiling. The market model's sensitivity to a 0.8 
lb. S0|2 control policy is discussed in Chapter V.
TABLE 22. EPA-ICF PGD CostS for a 0.8 lb. SOg/lÔ  Btu 
Emission Ceiling (1980 $} a.
Coal Quality 
lbs. SOg/lÔ  Btu (Long-Term Average)
B F H
Capital ($/kW) 31.6 111-3 138.1
0 & M (mills/kWhr) 0.85 2.22 3-41
Capacity penalty (̂ ) 0.50 2-35 2.68
Energy penalty (̂ ) 0.25 2.40 4,15
(From: ICF, Inc., 1980 b, Tables 3-69 to 3-72; pp. 3-207 to 3-210)
a. ICF costs multiplied by .85 to maintain consistency with costs from 
ICF, Inc., 1979.
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Summary of FGD Post Review
The PGD cost studies reviewed show the scrubbing costs for lew- 
sulfur western cx>al ranging from 35% to 82% of the scrubbing cost for 
hig^-sulfur eastern coal (approximate RNSPS). Table 23 presents a 
summary of the cost studies vtiich were standardized to constant 1980 
dollars as described earlier. Unfortunately differences in study 
methodologies and SĈ  removal levels make it inpossible to ccnpare the 
studies directly. But, tbere is a general agreement among ti»e studies 
that the scrubbing oosts for lew-sulfur western coal range between 50% 
to 60% of the FGD costs for high-sulfur eastern coal when high SÔ  
removal is required. The two studies vAiich would be expected to be the 
most similar are in fact very similar. The NERA-ICF costs and the EPA- 
ICF oosts were both estimated based on the 1979 NSPS. The lew-sulfur 
coal FGD costs are 3.68 mills/kWhr and 3.15 mills/kWhr for the NERA and 
EPA studies respectively. The corresponding costs for the high-sulfur 
coal are 6.53 and 6.43 mills/kWhr. The low-sulfur coal oosts are 56% 
and 49% of the eastern FGD costs for NERA and EPA, respectively.
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TABLE 23. SuRmazy of Standardized Recent FGD Cost
Studies (Constant 1980 $)
SO2 Total Low-Sulfur CostsStudy/FGD Process/ Percentage Levelized as a Percent of
Coal Type Removal (mills/kWhr) High-Sulfur Costs
Bechtel
Limestone
Western LS 85 5.28 61Eastern HS 85 8.71Dry Lime
Western LS 85 2 .4 9 35Eastern HS 85 7.08Radian-SRl
Limestone
Western LS 93 4 .7 5 59Eastern HS 84 7 .99NERA-ICF
Unknown
Low-sulfur B RNSPS 3.68 56High-sulfur H RNSPS 6.53EPA-ICF
Lime
Dry/Low-sulfur B RNSPS 3 .1 5 49Wet/High-sulfur H RNSPS 6 .43Lime slurry
Low-sulfur B 90 5.32 82High-sulfur H 90 6 .4 3
Source: Tables 11, 13, 16, 19, 21.
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FGD Cost Development for the NGP Market Model
The EPA-ICF scrubber costs are adopted for use in this policy 
analysis because they have been widely reviewed and are the most 
versatile in terms of costs for various coal qualities and emission 
levels. They are a function of ooal quality (lbs. SÔ /lCf Btu) and SÔ  
control policy.
The NGP ooal supply regions were assigned to ttie three EPA-ICF 
ooal quality ranges as follows: B-NGP, Colorado, Southern Wyoming,
Utah, and New Mexico; F-Texas and Washington; and H-Illinois.
Tables 24 to 27 present the 1980 PGD costs for four alternative 
SOg control policy scenarios. The policy scenarios selected for 
analysis are discussed in Chapter II. The tables include capital 
costs, O & M costs, and plant penalties for scrubber capacity and 
energy requirements. In the market model the PGD costs are added to 
the appropriate base plant oosts after adjustments are made for the 
year of the market (1980, 1990, and 2000) and assumed real escalation 
rates (low, base, and hi^) (see next chapter). The total plant 
capital cost is then multiplied by 1 plus the energy penalty. The 
assunption in making this calculation is that the utility will increase 
the plant capacity to maintain a full 500 MW output.
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table 24. FGD Costs for the Base Case SO  ̂Control Policy
(1980 $)a
Market Boundary
Capital
($/kW)
0 & M 
(mills/kWhr)
Capacity Penalty 
(̂ )
Energy Pej 
(̂ )
NGP: 46.9 2 .06 0 .50 0.50
IL 136.4 3 .23 2.65 3.80
NGP: 46.9 2.06 0.50 0.50
TX 121.7 2 .4 9 2 .6 0 3 .7 5
NGP: 131.8 2 .26 2 .7 5 4 .3 5
NM, CO, UT, SWY 131.8 2 .26 2.75 4 .3 5
NGP* 131.8 2.26 2.75 4 .3 5
WA 134.8 2.93 2 .7 5 4 .3 5
a. Policy assumptionsj Midwest states and Texas do not enforce S0« standards 
more stringent than the 1979 NSPS; Therfore, the NGP: IL and NGP: TX 
FGD costs reflect 7Q!fo,~ 90^ S0„ removal and diy FGD costs for NGP coal. 
Western states require 90^ SOp removal because of PSD increments and 
visibility concerns; wet limestone scrubbing costs are assumed.
b. 0 & M costs are for first year operation (not levelized).
Source: Tables 18 and 20
TABT.F 25. FGD Costs for the Low Case SOtg Control Policy 
(1980)a
Capital 0 & M Capacity Penalty Energy PenaltyMarket Bound ary ($/kW) (mills/kWhr) {%)_______  ______{%)
NGP: 46.9 2.06 0.50 0.50
IL 136.4 3.23 2.65 3.80
NGP: 46.9 2.06 0.50 0.50
TX & WA 121.7 2.49 2.60 3 .7 5
NGP: 46.9 2.06 0 .5 0 0 .50
NM, CO, UT, SWY 46.9 2.06 O.5O 0.50
a. Policy assumptions: all states enforce the I979 NSPS only (costs reflect
dry scrubbing on low-sulfur coals).
Source: Tables 18 and 20.
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TABLE 26. FGD Costs far the Hiĝ i Case SO, Control Policy
(1980 $)a
Capital 0 & M Capacity Penalty Energy PenaltyMarket Bound ary ($/kW) (mills/kWhr) (%) (95)
NGPi 131.8 2.26 2.75 4 .3 5IL 136.4 3.23 2.65 3.80
NGP; 131.8 2.26 2 .7 5 4 .3 5TX & WA 134.8 2.93 2 .7 5 4 .3 5
NGP: 131.8 2 .2 6 2 .7 5 4 .3 5NM, 03, UT, SWY 131.8 2.26 2 .7 5 4.35
a. Policy assumptions; All states require 90% S0_ removal (costs reflect
wet scrubbing) • iC
Source: Table 20
T5BLE 27. FGD Costs for a Possible .8 Ib./lO® Btu EmissionCeiling (1980 $)a
Capital 0 & M Capacity Penalty Energy PenaltyMarket Bound ary ($/kW) (mills/kWhr) (̂ ) (̂ )
NGP; 31.6 0.85 0.50 0 .2 5IL 138.1 3.41 2 .68 4 .1 5
NGP; 31.6 0.85 0.50 0 .2 5TX & WA 98.6 1.89 1 .9 5 1.95
NGP; 31.6 0.85 0.50 0 .2 5NM, 00, UT, SWY 31 .6 0.85 0.50 0 .2 5
a. Policy; assumes a 0.8 lb. SO^ emission ceiling. This policy assumtion 
was analyzed for the year 1990 • The above costs were escalated and 
levelized assumming base case real escalation rates for FGD costs.
Source: Table 22,
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CHAPTER IV
NOP SPATIAL MARKET MODEL: IHBQFY, ASSUMPTIONS,
CXXSTING, AND INPUT PARAMETERS
Modeling Theory
To assess the iirpact of air pollution oontrol policy on the market 
for NGP coal, the NGP Spatial Market Model is used to define a market 
area for NGP for the different air pollution control scenarios 
discussed in Chapter II. The market area is calculated such that NGP 
is the least cost coal over the lifetime of a new 500 MW model power 
plant.
The analytic cpproach derives from the theory of spatial markets 
as described in Hyscn and Hyson's "Economic Law of Market Areas" (1950) 
and as applied to coal use by Watson (1972), MUCDS (1976) and Canpbell 
and Hwang (1978). The spatial theory of market areas states that a 
market boundary line (often a hyperbolic curve) can be defined between 
two competing suppliers such that at each point on the line, a buyer is 
indifferent to vhich supplier is used. The boundary is a function of 
producer price and transportation costs. On either side of the 
boundary one of the producers has a cost advantage (Hyscn and Hyson, 
1950). Appendix A gives the mathematical structure of the NGP market 
model.
The theory of spatial markets is applicable to coal because of 
regional KB mine price differentials and hi^ transpcrtation costs per
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unit of value. Coal is a bulk oomtnodity with a lew value per unit of 
wei^t, vAiich makes transportation costs an important component of 
delivered price. In addition, the shipment of coal from the mine to 
the power plant is generally the responsibility of the consuming 
utility and not the producer. The utilities must integrate 
transportation planning into their coal procurement strategies, giving 
consideration to both delivered costs and reliability (ICF, Inc., 
1979).
When using the spatial market theory to identify the NGP electric 
utility coal market area, the boundary lines are defined in terms of 
the total cost of generating electricity from a given coal. Total 
generating costs are used in this analysis so that all the cost 
differences associated with using a specific coal for power generation 
are captured. Total generating costs include coal specific costs for 
FOB mine price, power plant costs, pollution control costs, and 
regional coal transportation rates.
Model Assumptions
As with any large scale modeling effort, some real world 
conditions must be simplified in order to reduce the modeling to 
realistic terms. The objective is to reduce the number of 
insignificant complicating factors without reducing the explanatory 
power of the model. The intent of this modeling effort is to define 
the market area fear NGP coal by comparing the costs of using NGP coal 
or some other non-NGP coal source. It is not possible to address every 
consideration and variables that utilities and public agencies must
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aooount far when permitting and siting ooal-fired electric generating 
plants.
Siting decisions are based on a number of site specific factors 
including water availability, proximity to load centers, transmission 
grids and rail lines, reliability factors, and local air quality 
regulations. Except for local air quality regulations, which were 
discussed in Ch^xter II, the above siting ocmsiderations do not 
substantially affect the least cost coal choice. They are generally 
site specific decisions which are made in conjunction with the decision 
to use coal as a fuel and are not influenced by the type of coal used. 
In the real wcnrld market, local siting concerns will cause minor 
discontinuities in the market boundary function. In general, as site 
specific factors become more important economically, the NGP market 
model becomes less reliable.
Many of the economic and policy factors encountered when comparing 
alternative generation methods or fuel types (i.e., hydro, oil, gas, 
nuclear, or coal) can be simplified when the comparative analysis is 
between alternative coal supply regions. Assumptions for plant size 
and capacity are admittedly subject to economies of scale, but the 
effect is to alter only total generating costs and not the relative 
costs between coal supply regions. In addition, assumptions relating 
to the lifetime costing methodology (fixed charge rate, plant life, tax 
life and tax preferences, etc. ) are not critical when making a 
comparison between two coal-fired power plants.
In this analysis the following assumptions are made about the 
model power plant and coal supply regions:
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A utility has decided to build a new large base load coal-fired 
power plant and will base its coal choice on a lifetime least cost 
analysis.
The power plant has a 500 MW capacity (net) and has a base load 
lifetime c^>acity factor of 65% (.65 X 8790 hr. = 5694 hr. full 
load equivalent per year).
The coal regions offering significant future competition to NGP 
are Illinois, Texas, New Mexico, Colorado, Utah, South Im̂ oming, 
and Washington. The coal supply regions are identified by a 
single point, the coal supply center.
A coal supply region's coal is characterized by three factors; 
coal rank, BIU content, and percent sulfur. Prices are based on 
current long term contract prices escalated over the life of the 
plant.
All coal is transported by unit train in the model. The existing 
rail network is assumed complete enough to allow uniform 
distribution.
Ihe bases for these assumptions and the NC3’ costing methodology 
are discussed briefly in the following section. In areas vhere the 
assunptions were felt to be critical, sensitivity analysis was done.
Alternative methods are available for forecasting coal production, 
such as linear and quadratic programming techniques, but they are of a 
different magnitude with regard to data requirements and mathematical 
sophistication. Ihe spatial theory of market areas is straight forward 
and allows the user to easily identify key swing variables. many of 
the simplifying assunptions made here are comparable to those made in 
the other more sophisticated models.
Costing Methodology
All of the power plant cost variables previously mentioned must be 
assigned coal-specific values in order to obtain cost differences 
between coal supply regions. A utility evaluating coal choices will
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not only consider currmt costs, but also the stream of costs expected 
to occur over the lifetime of a new pcwer plant. Because a power plant 
is a long-lived investmait (30 to 40 years), the methodology for 
oonparing coal choices must account for the esqpected stream of costs 
over the lifetime of the plant (ICF, Inc., 1979).
Ihe design and cost data for the NGP model power plant are based 
on current utility choices and best guess plant lifetime costs. Large 
new power plants are generally designed and constructed to meet the 
specific requirements of a utility, resulting in a range of design 
parameters and costs. Design parameters can vary with load 
requirements, coal quality, water availability and climate, and so on, 
and in turn affect construction costs. Costs are also influenced by 
regional differences in labor and material prices (EPRI, 1979). Every 
factor cannot be analyzed in the NGP market model due to the 
simplification of the model. Since the main objective of this analysis 
is to conpare the costs of using alternative coal supply regions, the 
input parameters were selected to emphasize the cost differences 
between coal supply centers (coal quality (rank and SOg Ibs/̂ Q̂̂  Btu)
SO2 pollution control policy, and regional transportation and 
construction costs).
Method of Economic Comparison
The method of economic comparison selected for use in this 
analysis is based on methods used by electric utility industry in 
comparing alternative fuel choices - The purpose is to mimic the 
utility decision-making process, giving consideration to the fact that
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the industry is regulated by both state and federal agencies. The 
ihherant characteristics of the electric utility industry make the 
revenue requirement method of economic analysis the most appropriate 
for analyzing alternative choices. Ihe revenue requirement is the 
amount of money necessary to ocKpensate a utility for the costs of 
generating electricity. It includes fixed costs and variable costs. 
Fixed costs are related to the capital costs or investment in the 
plant. Variable costs include fuel costs and operating and maintenance 
eaqaenses, vhich can vary with plant output. A breakdown of plant 
revenue requirements is as follows:
Fixed Posts Variable Costs
Interest or cost of money FUel 
Depreciation Operating
Taxes (income & property) maintenance 
Insurance
Levelization. To compare investment alternatives which have both 
fixed and variable costs, it is convenient to levelize the present 
value of an alternative over the life of that alternative. The 
levelized annual revenue requirement is calculated so that it is 
constant over the project’s life and its summed present worth stream is 
equal to the summed present worth stream of the actual annual revenue 
requirements. The levelized annual revenue requirement is calculated 
by adding the levelized annual fixed costs and levelized annual 
variable costs. Levelized annual fixed costs are calculated by 
applying a levelized annual fixed charge rate to the initial plant
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Investments. Far Example:
Levelized annual revenue = (Original investment X
requirements Levelized annual fixed
charge rate) + Levelized 
annual variable costs
Real Escalation and Inflation. Whan making economic conparisons, 
the procedure for handling cost escalation and inflation must be 
consistent throughout the analysis. In this analysis, real cost 
escalation is accounted for, but inflation is not. The real escalation 
rate for a conmodity or service is the annual rate of increase in cost 
above, and independent of. Inflation. Real cost increases can result 
from resource depletion or changes in regulatory policy.
Real costs can also decline due to new technologies or an expansion of 
the resource base.
Levelized Annual Fixed Charge Rate. Ihe levelized annual fixed 
charge rate, also referred to as the fixed charge rate, is conposed of 
the fixed cost factors listed earlier: interest, or cost of mcney;
depreciation; taxes and insurance. Ihese costs are incurred whenever a 
capital investment is made and they vary from utility to utility 
depending on debt costs, plant retirements, capital structure, and tax 
preferences. The real levelized fixed charge rate used in this 
analysis is summarized in Table 28. The rate is 7.41% with tax 
preference allowances, and 9.33% without tax preference allowances. 
Appaidix B gives the complété analysis and calculation for this fixed 
charge rate.
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Table 28. Real Levelized Annual Fixed Charge Rate
Cdiponent Percent
Weighted cost of capital 3.77
D^reciation (sinking fund) 1.85
Insurance and property taxes 2.00
Levelized income tax 1.71
Levelized investment tax credit (1.03)
Levelized accelerated depreciation (0.89)
TOTAL (with tax preference) 7.41
(without tax preference) 9.33
Fran î p̂endix B
The 7.41 fixed charge rate is assumed In the analysis because it 
is felt that utilities will always receive some form of tax preference. 
Tax preference allowances have in fact gotten larger since they were 
first allowed (DOE, 1980a; ^^legren, 1981). A much more precise rate 
can be calculated for an individual utility, givei the correct 
information is available (see Jeynes, 1968), but that level of detail 
is not required for this analysis. When the original plant investment 
(capital cost) is multiplied by the levelized fixed charge rate, it 
yields a levelized annual revenue requirement for the capital costs.
Variable Posts. Variable costs, as described earlier, consist of 
fuel costs plus operation and maintenance costs. O & M costs can 
contain a fixed and variable oonponent; however, for the purpose of 
this study, fixed O & M costs were converted to mills/kWhr, assuming a 
65% plant capacity factor (see footnote -, Table 11; since a 65% 
capacity factor is used throughout this analysis, the converted fixed O 
& M costs are added to variable O & M costs and referred to as sinply 
variable O & M costs).
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Variable cxDsts escalate annually depending on inflation and real 
cost changes, but because inflation is not included in this analysis, 
variable costs will escalate only at some real rate over the lifetime 
of the power plant. Future real variable cost escalation rates are 
forecast in the last section of this chuter for irput parameters; 
however, the procedure for oonputing a levelized variable cost (given 
you know the real escalation rate) is to multiply the variable cost in 
the initial year (1980) by the epprqpriate levelizing factor. The 
levelizing factor (Lj ) is calculated as follows:
K (1-K? )
Lg = ORF _______
1-K
vhere: CRF = the capital recovery factor (not to be
confused with the fixed charge rate)
r(l + r)"
CRF =
(1 + r)" - 1
vhere: r = weighted cost of capital or real discount rate;
n = book life (30 years); and 
1 + e
K =
1 + r
vhere: e = the real escalation rate (in studies vhere
inflation is included, e should equal the 
nominal escalation rate)
To obtain a levelized variable cost for a future market area 
(i.e., 1990 or 2000), the 1980 cost must be multiplied by the
ocrpounded real escalation factor (1 + e)” (vhere n = 10 for 1990 and 
20 for 2000) and then multiplied by Lg.
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The Model Power Plant and Input Parameters
Defining the physical power plant to be used in the model involved 
reviewing historical plant types and current utility orders. The 
physical plant has been simplified to one size and capacity; but with a 
heat rate vArLch varies witii the plant location and coal rank.
The Physical Plant
Model Plant Size. During the period 1958-1980, 443 coal-fired 
utility boilers were ordered. The total net electrical output was 
213,679 megawatts (NW) (Kidder, Peabody & Oonpany, Inc., 1981, Table 7, 
p. 15), yielding an average net capacity of 482 per boiler. In 
addition to the existing orders, Idiere are 144 possible future boiler 
orders not yet committed, but expected to be in operation sometime 
between 1985 and 1995. The total net capacity for these prcposed units 
is 73,628 MW, yielding an average size of 511 MW. All of the proposed 
units were coal-fired except five; four were refuse-fired and one was 
wood-fired.
Given that the average size for both existing and future orders is 
^proximately 500 net NW, the NGP model plant was sized at a net 500 MW 
capacity. Depending on the assumed capacity factor and coal quality, a 
plant this size would require between 1 and 1.5 million tons of coal 
annually. If coal transport is by railroad, this volume is sufficient 
to require unit train service. A 500 MW plant may or may not require 
opening a new mine.
capacity factor. Large coal-fired power plants are generally 
designed for base load operation. Base load capacity ranges from 50% 
to 70% with actual service depending on Ihe availability of the
95
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
specific unit and the grid system it is connected to (EPRI, 1979).
The average caç)acity factor for power plants operating in base 
mode dropped from 67.8% in 1970 to 64.1% in 1978 vtiile the factor for 
intermediate and peak plants remained stable (DOE, 1980b). Similarly, 
in 1970, 87% of total utility coal was used for base load generation 
vAiile in 1978 the figure dropped to 65%. The suggested reason for the 
decline in base load was that generating capacity is growing faster 
than electricity demand and the utilities are responding by operating 
their capacity fear fewer hours per year.
Capacity factors usually decease with plant age and there is some 
question as to vhat the true lifetime capacity factor is for new modem 
ooal-fired plants. In the past, the lifetime average was estimated at 
55% to 60%; however, utilities now claim that new units are designed 
and built to operate with a 70% lifetime capacity factor (Daverport, 
1981). For the purpose of this study it is assumed the model plant 
will operate in base load with a 65% lifetime capacity factor (8760 
hrs/year X .65 = 5694 hrs/year lifetime average).
Heat Rate. A power plant's heat rate is defined as the amount of 
irput heat (Btu) required to produce 1 kilcwatt-hour (kWhr) of electric 
energy. From the time steam-turbine generators were introduced in 1890 
until 1968, national average heat rates (including gas, oil, and coal 
plants) inproved due to new techniques and stronger materials. Since 
1968, the national average has remained around 10,400 Btu/kWhr (DOE, 
1978). The average would be espected to inprove over time as larger 
more efficient units come on line and older less efficient units are 
retired. However, this inprovement will be offset to some degree by
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envirormental oontrol penalties and a greater use of cooling towers 
instead of onoe-thrcw^ cooling.
Heat rates vary, depending on the type of fuel burned (oil, gas, 
or coal) and coal is often oharacterized as the most efficient because 
a greater proportion of its tbeoretioal heating value can be utilized. 
A specific plant's annual heat rate can vary from year to year, 
depending on the loads carried, quality of fuel, turbine starts and 
stops, circulating water conditions, and outages for maintenance.
Table 29 lists heat rates for new base load coal-fired power 
plants by EPRI region and coal rank. The rates are lifetime averages 
and were calculated by ICF under the assumption that base load rates 
were 1.5% above the full load heat rates provided by EPRI. These heat 
rates do not include the penalty for SĜ  pollution control, \mbich is 
accounted for later and vhich varies according to coal quality and SÔ  
control regulation.
Table 29. Heat Rates for New Base Load Power Plants a,b
EPRI Region
Coal Rank E. Central W. Central S. Central West
Bituminous 9,693 9,967 9,920 9,772
Subbituminous 9,967 10,049 10,200 10,049
Lignite 10,644 10,644
a - From IGF, 1980, Table B-14, p. B-20.
b - Energy penalties are included for particulate control but not
for SÔ  control. Values are for base-load plant 
cperating at 65% capacity.
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1980 Costs far Market Model Input Parameters
A large part of the following data cost derives from work done by 
ICF, Inc., a Washingtm, D.C., based consulting firm. IGF operates a 
national coal and electric utility forecasting model which has been 
used extensively by government agencies and private industry. When 
applicable, the ICF data have been adjusted to fit the format of the 
NGP market model. Most of the ICF data base originated from various 
contractors over the years and some were developed in-house by ICF.
The costs of building and cperating a coal-fired plant are 
influenced by many factors, vhich result in a wide range of installed 
costs. For exanple, some of the more inportant factors in plant 
construction costs are coal quality, design reliability, labor and 
material prices, water availability, weather conditions and 
«Tvironmental regulations (EPRI, 1979; Bechtel Power Corp., 1977).
For the purpose of this discussion, base power plant costs include 
all the costs for building and operating (capital and O & M) the power 
plant; except SOg control costs, fuel costs, and transmission hock-up 
costs. SO2 pollution control costs are developed separately so that 
policy concerns can be analyzed.
Base Power Plant. Ihe 1980 base plant costs used in the NGP 
market model derive from cost data documented by ICF (ICF, 1980). EPRI 
was the primary source of ICF’s costs for bituminous and subbituminous 
plants, whereas the lignite data were based on information from United 
Engineers and Ebasco (ICF, 1979). The EPRI capital costs were 
originally developed by the Bechtel Power Corporation for EPRI, and the 
EPRI O & M costs were derived from FPC data. Some minor adjustments
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were made by ICF to make the costs consistent across plant types.
Capital Posts. Table 30 lists the capital cost estimates in 1980 
dollars per kilowatt for new coal-fired plants by coal rank and EPRI 
region. Costs shown are only for the EPRI regions expected to use NGP 
coal. These data are then adjusted as shown in Table 32 for use in the 
NGP maadcet model.
Table 30. Capital Cost Estimates for new Coal-Fired Power 
Plants (1980 $/kW)a
Coal Rank
EPRI Region
E. Central W. Central S. Central West
Bituminous 739 711 640 743
Subbituminous 815 781 713 815
Lignite 844 845
Frcm IGF, 1980, Table B-11, page B-16.
a - Costs not included for transmission hock-up or SÔ  
pollution oontrol.
The costs vary between EPRI regions for the reasons discussed 
earlier (labor and material costs, climate, etc), with the lowest costs 
in the South Central region. Ihe relationship of increasing costs with 
decreasing coal quality can be seen in Table 30. The subbituminous 
capital costs average $70/kW more than bituminous costs and lignite 
costs average $58/kW more than subbituminous costs. Utility boilers 
can be designed to bum almost any kind of coal; however, the lower 
quality coals require a more expensive design (Gray and Moore, 1974).
Operating and Maintenance Costs. Table 31 presents the 
corresponding operating and maintenance (0 & M) costs (mills/kWhr) for 
new power plants by coal rank and EPRI region. Ihe fixed cost
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ccnçxjnent of ICF's O & M ooerts was converted to tnills/kWhr as explained 
in footnote a and added to the variable O & M costs. Fixed O & M costs 
include cperating labor, maintenance (as a percent of coital costs), 
and overhead (as a percent of O & M labor). Variable O & M costs 
primarily include consumables such as water and chemicals. Ibe total O 
& M costs (fixed plus variable) do not vary as significantly as did 
capital costs between coal rank or EPRI region. One explanation is 
that the lower fixed O & M costs for bituminous coals are offset by 
higgler variable O & M costs.
Table 31. Operating and Maintenance Costs for New Coal -Fired Plants 
(1980 ndlls/kUhr)a,b
Goal Rank E. Central W. Central S. Central West
Bituminous 2.15 2.01 2.01 2.01
Subbituminous 2.03 2.03 2.01 2.08
Lignite 2.08 2.03 --
From ICF, 1980. Tables B-12 and B-13, page B-19. 
a - Includes both fixed and variable costs. Fixed costs ($/kW) 
were converted to mills/kWhr by multiplying 
by 1000 (1000 mills/$) and dividing by 5694 (hours 
operated assuming a 65% capacity factor), 
b - Costs are included for particulate control (1979 NSPS) 
but not for SO; control.
Adjustments for NGP Base Power Plant. The IGF data in Tables 29, 
30, and 31 serve as a base for the estimating costs and heat rates for 
the NGP base power plant. The appropriate base plant data are selected 
from the tables according to which market boundary is being estimated. 
In some cases the IGF data are averaged between EPRI regions according 
to vdiere preliminary model runs indicated the boundary would fall. For 
exanple, the data for South Wyoming coal and Colorado coal were
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estijnated by averaging the values for subbituminous and bituminous coal 
in EPRl's Western region. It is felt that the long-term subbituminous 
coals from these two regions are of higher quality than NGP coal and 
that the base plant data should reflect this difference. Table 32 
presents the resulting NGP base plant data for the market model. The 
assumed coal ranks are given for the coal supply centers and 
adjustments to the ICF data are descnribed in the footnotes. These data 
are further adjusted according to SÔ  pollution oontrol costs and 
variable cost levelizing factors before they enter the market model 
(discussed below). Note that in the following discussions nine 
specific market boundaries will be identified by the two coal stçply 
centers being conpared (i.e., the boundary between NGP ooal and 
Illinois ooal will be represented as N3P:IL or NGP with south vyoming 
as NCS’zSWY). It can be seen in Table 32 that boundaries between ooal 
regions with similar quality coals will not be influenced by base plant 
costs (i.e., NGP:M4 shows all the base plant costs equal).
SO, POLLJOTION CONTROL COSTS 
SO2 pollution oontrol costs are a very real component of total 
power plant costs. The costs are generated independently from the base 
plant costs in this analysis so that the inpact of different ocntrol 
levels can be investigated. Chapters II and III discussed policy 
scenarios and PGD costs in detail. In summary, the 1977 amax)ments to 
the clean Air Act specified that EPA revise the new source performance 
standards for ooal-fired power plants so that the new standards would 
require a percentage reduction in emissions in addition to an emissions
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Table 32. Base Power Plant Assumptions for Defining the NGP 
Market Boundaries (1980 $)
Market
Boundary
Ooal
Rank
Coital
(S/kW)
0 & M 
(mills/kWhr)
fteat Rate 
(Btu/kWhr)
NGP:® Sub 798 2.03 10008
IL Bit 725 2.08 9830
NGP:*’ Sub 713 2.01 10200
TX Lig 845 2.03 10644
NGP:*= Sub 764 2.04 10124
bw Sub 764 2.04 10124
NGP:*̂ Sub 815 2.08 10049
UT Bit 743 2.01 9772
NGP:̂ Sub 815 2.08 10049
00 & SWY Subbitf 779 2.04 9910
NGP:̂ Sub 815 2.08 10049
WA Sub 815 2.08 10049
Fran Tables 29, 30, and 31 as ea^lained in the following footnotes. 
These data do not include adjustments for SOg oontrol. 
a - Average of the East Central and West Central regions, 
b - South Central region.
c - Average of the South Central and Western regions, 
d - Western region.
e - Average of the subbituminous and bituminous coal ranks in the 
Western region.
ceiling. EPA promulgated revised standards in June 1979, and these 
standards have since been upheld in court. The SÔ  standard was based 
on a properly functioning limestone flue gas desulfurization systan 
with removal credits allowed for coal cleaning. The standard requires 
a 90% reduction in potential SOg emissions with a ceiling of 1.2 Ib/lÔ  
Btu exc^jt when emissions are reduced below 0.6 Ib/̂ Og Btu; then the 
percentage reduction can range from 70% to 90%, depending on coal 
quality, but never below 70%.
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The PGD cx3sts vised in defining the M3* maiitet area are a function 
of ooal quality (lbs SOj/lOg Btu) and SÔ  oontrol policy. They are 
based on cost surveys developed ty PEDCo Environmental Inc. for EPA. 
The costs were used in the ICF coal model during EPA's analysis of the 
impacts of alternative SÔ  standards on existing coal markets (IGF, 
1979b). Ihe PEDOo costs were adjusted somev*iat by EPA and IGF so they 
would be oonsistent with the other costs in ICF's ooal model. For use 
in the NGP market model, the EPA-ICF costs were multiplied by 1.22 to 
convert from 1978 dollars to 1980 dollars (see ICF, 1980b) and the NGP 
coal sv^ly regions were assigned to an IGF coal quality range.
Tables 24 to 27 in Chapter III give the 1980 PGD costs for four 
alternative SOg control policy scenarios. The tables include capital 
costs, O Sl M costs, and plant penalties for scrubber capacity and 
energy requirements. Ihese PGD costs are added to the appropriate base 
plant costs (after adjustments for model year (1980, 1990, and 2000) 
and real escalation rates (low, base, and high). The total plant 
capital cost is then multiplied by 1 plus the scrubber capacity penalty 
and the base plant heat rate is multiplied by 1 plus the energy 
penalty. Ihe assunption in making this calculation is that the utility 
will increase the plant capacity to maintain a net 500 MW output.
PCB Mine Ooal Posts and Quality
In the absence of a detailed supply and demand model for the coal 
industry, life-time coal costs for the NGP market model power plant 
were estimated based on current long-term steam coal prices and a 
simple trending analysis of historical mining costs. The costs are 
levelized over the 30-year life of a power plant and enter the market
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model as constant (real) 1980 $/ton.
All ooal purdhases are assumed to be by long-term ocntract from 
the marginal new mine. The oontraots are negotiated to oover full 
costs with the capital costs being recovered in equal annual amounts 
and the variable costs escalating with real cost increases. The total 
ooal price escalates over the plant life with variable costs, but at a 
lower rate than variable costs because of the fixed capital conponent. 
The variable cost component is levelized over the plant life and added 
to the fixed capital component, yielding a levelized coal price. 
Prices used in defining the market area in 1990 and 2000 were estimated 
by escalating total mining costs in real terms (capital and variable 
for 10 and 20 years respectively and then levelized as explained above. 
This procedure estimates the costs of opening a new mine in 1990 and 
2000 and levelizes it over the life of a new plant. Different 
levelizing factors were calculated for underground and surface mining 
costs because of the differences in capital and variable cost shares.
The costing procedure is an extreme simplification of real world 
conditions, in that it only accounts for cost increases related to the 
cost of coal extraction and not reserve depletion. The assumed 1980 
PCB mine prioes and coal quality for new long-term steam coal contracts 
are shown in Table 33. The costs in Table 33 are developed and 
discussed in more detail in Appendix D. These 1980 prioes are 
esoalated and levelized using the cost factor shares and real 
escalation rates developed in the last section of this chaster.
104
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD
■ DOQ.Cg
Q .
■D
CD
C/)
C/)
8
3
CD
3.
3"
CD
CD
■ DO
Q .CaO
3
■ DO
CD
Q .
■ D
CD
C/)
C/)
Table 33. 1980 FOB Mine Price and Coal Quality^ for Competing Coal Supply Regions
Coal region
Mine
type Rank BTU/lb
Percent
S
Percent
ash
16.502 
(10® BTU)
1980
$/ton
FOB price 
($/10® BTU)
1980
price
scenario
Illinois— high S U B 10,500 3.5 13.0 6.67 21.00 1.00 Base
Illinois— low S U B 11,700 2.5 8.5 4.27 27.50 1.18 High
Colorado U S-B 10,700 0.5 9.1 0.93 17.50 .82 Base
New Mexico S S 10,000 0.5 10.5 1.00 16.00 .80 Base
Utah U B 11,500 0.6 9.0 1.04 19.75 .86 Base
South Wyoming U S-B 10,500 0.6 8.5 1.14 16.50 .79 Base
Texas^ S L 6,300 0.7 11.5 2.22 8.00 .63 Low
Texas^ S L 6,300 0.7 11.8 2.22 15.00 1.19 Base
Texas^ S L 6,300 0.7 11.8 2.22 20.00 1.59 High
Washington^ U S 8,100 0.9 16.0 2.22 15.50 .96 Low
Washington U S 8,100 0.9 16.0 2.22 27.50^ 1.70 Base
NGP-Montana S S 8,600 0.7 8.0 1.63 9.75 .57 -
NGP-Montana S S 9,300 0.4 6.0 .86 12.00 .65 High
NGP-Wyoming S S 8,100 0.5 6.0 1.23 6.75 .41 Low
NGP-North Dakota^ 
NGP-Base*
S L 6,600 0.6 9.8 1.82 7.25 .55 -
S S 8,660 0.5 6.0 1.15 8,80 .51 Base
^Source : Coal Week, 1980. Various issues. Ŝource: DOE, 1981b. Table 56, pages 110-131.
'Source: Gorman, D. B., 1981. Source: Harr, B. D., 1982b.
'Source: DOE, 1980d. DOE 1979 dollars converted to 1980 dollars by multiplying by 1.0943.
Weighted average heat content for 1979 Powder River utility coal deliveries (Table 7 ); average price for 
Montana-Wyoraing Powder River coal ($/10® BTU).
Transportation Poets
All ooal transportation in the market model is assumed to be 
by unit train. Goal transportation policy issues and costs were 
researched considerably (see Chapter 6 by author in: Duffield et. al., 
1982) but are only summarized here. The costs used in the NGP market 
model are based on an IGF, Inc., regression analysis of unit train 
tariffs (IGF, Inc., 1980c), vhere the cost expression is:
TG = a + bD
vhere TC = total shipping costs over a given distance 
a = a fixed charge in $/ton
b = a variable charge per ton-mile; $/ton-mile 
D = rail miles shipped 
The tariffs were grouped according to their region of origin (west 
or east of the Mississippi River ) and destination in the IGF 
regressions. After analyzing various origin destination ocmbinations, 
four equations were specified for various origin-destination pairs. 
Two of these equations were selected to compute transportation costs in 
the NGP model after several preliminary NGP market model runs indicated 
the approximate location of the various NGP coal market boundaries (the 
other two IGF equations dealt with regions beyond the NGP market area).
The market model transportation costs for Illinois coal are based 
on the IGF equation for coal shipments crossing the Mississippi River 
in either direction, while costs for all the other coal supply regions 
are based on the equation for shipments originating and ending west of 
the Mississippi River. The two equations are as follows:
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v̂ here: TC = total cost; and
D = distance
Illinois: TC = 2.73 + .0113D
All Others: TC = 1.04 + .0113D
An 8% surcharge was added to Colorado and Utah coals and for NGP 
ooal competing with Washington ooal. The 8% surcharge reflects an 
added cost for crossing the Rocky Mountains (DOE, 1980c).
Since the IGF costs were in terms of rail miles, the variable cost
coefficients had to be converted to air miles for use in the NGP market
model. A rail/air mile ratio was estimated for the different N3P:non- 
NGP boundaries after a review of actual rail/air mile ratios for 
Burlington Northern unit train shipments out of the Powder River to 
various locations. The rail/air ratios reflect the circuitry of BN's 
rail routes to the afproximate location of the NGP boundaries. The 
resulting 1980 rail costs for the NGP market model are shewn in Table 
34. The 1980 costs are escalated in real terms and levelized according 
to the market scenario being analyzed.
The sensitivity of the 1980 base case market area to 
transportation costs was tested by varying the real escalation rates 
for transportation costs and holding all other real escalation rates at 
the base level (see Chapter V).
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Table 34. Fixed and Variable Rail Cost Coefficients for the 
NGP Market Boundaries (1980 $/ton)
Coal Region
ICF
Fixed
Côst
Variable Surcharge
Rail/Air 
Mile Ratio
NGP
Fixed
Cost
Variable
NGP: 1.04 .0113 — — 1.35 1.04 0.0153
IL 2.73 .0113 --- 1.35 2.73 0.0153
NGPtTX & NM 1.04 .0113 — -- 1.40 1.04 0.0158
NGP: 1.04 .0113 —  —  — 1.30 1.04 0.0147
CO & UT 1.04 .0113 8% 1.30 1.12 0.0159
NGP:SWY 1.04 .0113 —  —  — 1.30 1.04 0.0158
NGP: 1.04 .0113 8% 1.55 1.12 0.0189
WA 1.04 .0113 1.30 1.04 0.0147
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PrDiect±nq Real Escalation Rates for the Market Model Input Parameters and Development of Scenarios for Sensitivity Analysis
Electric utilities evaluating coal choices must not only consider 
current costs but also the stream of costs expected to occur over the 
life-time of a new power plant. Predicting future costs is as much an 
art as a science and usually involves reviewing historical cost trends 
and making some assunptions concerning future government policy and 
economic conditions.
A good exanple of the inportance of life-time costing is the 
inpact of escalating unit train rates on Texas utilities using western 
ooal. These utilities are turning away frcm the future use of long- 
haul western coal and moving toward nuclear, local lignite, and even 
possibly foreign coal.
Pro.lecting Future Escalation Rates
To project future cost streams for the NGP market model power 
plant, an analysis of each of the input parameters was conducted to 
determine the real rate at vhich costs have escalated in the past. The 
real escalation rate for a commodity or service is the annual rate of 
cost increase above, and independent of, inflation. The apparent or 
nominal escalation rate is the total annual rate of increase in costs 
and includes real escalation and inflation. The real escalation rate 
can be calculated by extracting inflation as shewn in the following 
equation:
1 + a 
r = _______- 1
1 + i
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vd̂ ere, r = the real escalation rate
a = the aqpparent escalation rate 
i = the inflation rate 
Historical Price Series. In this analysis the gross national 
product (GNP) Inplicit Price Deflator (IPO) is used as the measure of 
general inflation and selected price indexes are used to trace 
historical cost trends in the irçut parameters. Good historical data 
was not always available and the procedures had to be varied slightly 
according to vhich parameter was being studied. Ihe price series 
selected to represent the ir^t parameters are as follows:
Base plant capital costs
Mining capital costs
PGD capital equipmeit 
costs
Coal transpcartaticn
Operating and Maintenance 
Costs: base plant; S02
control; and mining 
(separate assumptions for 
coal mining labor)
Handy-Whitman steam production 
plant index (plateau region, 
1966-1980) (HW Plant)
Bureau of Labor Statistics PPI 
for Mining Eguipment (1965- 
1980)(PPI M.eq)
Chemical Engineering Plant 
Construction Cost Index 
( 1965-1980)(Œ Plant)
Bureau of Labor Statistics PPI 
for Goal Freight (1969-1980) 
(PPI Goal Fr. ) and the 
Association of American 
Railroads Material and Wage 
Rate Index (1965-1980)(AAR US)
Bureau of Labor Statistics 
(BLS) PPI for All OonTodities 
(1965-1980)
For each price series, the nominal index was converted to base 
year 1972 (1972 = 100) and deflated by the GNP IPD. The nominal 
indexes are shown in Table 35, and adjusted real indexes are shown in
110
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Table 35. Nominal nrlœ Ibrends for the Model Input
Capital Costs Variable Costs
SO2 BasePlant Mining Rail Rates O&M
General
Inflation
f CE \ ( ™  \ f 'i ( PPI \ /AAR \ (S) / GNP'jYear 1PlantJ VPlant) iM.Eq. J \Coal Fr..) VU.S./ \IPD/
1965 75 .9 — 80 .4 — 61.7 81.1 7 4 .4
1966 78.1 74.1 82.8 - 64.2 82.8 7 6 .8
1967 80.0 75 .4 85 .3 - 68.7 84.0 79 .1
1968 82.8 77 .6 88.2 - 72 .6 86.1 82.5
1969 86.7 80 .3 91 .0 77 .6 77 .1 89 .4 86.8
1970 91 .6 84.6 94 .8 84.3 84.5 92.7 91 .4
1971 96 .4 91 .2 97.1 96 .2 9 1 .8 95 .6 96 .0
1972 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1973 105.0 103.9 103.3 102.9 112.3 113.1 105.7
1974 120.6 111.8 122.5 120.2 128.3 134.4 114.9
1975 132.9 140.4 157.3 137.8 146.0 146.9 125.6
1976 140.0 154.4 180.9 151.1 161.7 153.7 132.1
1977 148.8 166.2 195.1 164.3 175.4 163.1 139.8
1978 159.5 178.1 213.1 177.2 190.5 175.7 150.0
1979 174.0 196.5 232 .8 207.1 217.0 197.8 162.8
1980 (184.7) 216.7 262.6 238.9 251.0 225.7 17 7 .4 (171.2 )
a. converted to base year 1972.
b, source: Various price indexes as described in the text.
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Table 36. Calcwlated Real Price Trends for the Model Input
a
Capital Costs Variable Costs
Year
SOg
CE
Plant
Base
Plant
HW
Plant
Mining
PPI
M.Eq.
Rail 
PPI 
Coal Fr.
Rates
AAR
U.S.
O&M
PPI
All
1965 102.0 - 108.1 - 82.9 109.0
1966 101.7 96.5 107.8 - 83.6 109.1
1967 101.1 95.3 107.8 - 86.9 106.2
1968 100.4 94.1 106.9 — 88.0 104.4
1969 99.9 92.5 104.8 89.4 88.8 103.0
1970 100.2 92.6 103.7 92.2 92.5 101.4
1971 100.4 95.0 101.1 100.2 95.6 99.6
1972 100.0 100.0 100.0 100.0 100.0 100.0
1973 99.3 98.3 97.7 97.4 106.2 107.0
1974 105.0 97.3 106.6 104.6 111.7 117.0
1975 105.8 111.2 125.2 109.7 116.2 117.0
1976 106.0 116.9 136.9 114.4 122.4 116.4
1977 106.4 118.9 139.6 117.5 125.5 116.7
1978 106.0 118.7 142.1 118.1 127.0 117.1
1979 106.9 120.7 143.0 127.2 133.3 121.5
1980 107.9 122.2 148.0 134.7 141.5 127.2
a. Derived from Table 35 as described In text
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Table 36. In reviewing the real price indexes in Table 36 it was 
apparent that large unprecedented increases occurred during the oil 
embargo years of 1974 and 1975. This increase is obviously due to the 
dramatic increase in the real cost of energy and may not be 
representative of the long-term annual trend. The embargo years seem 
to separate the data into two periods, pre-embargo and post-embargo. 
The pre-embargo rates are generally lower than post-embargo rates and, 
in some cases, are actually declining. The real trend for railroad 
costs is an exception and indicates that costs, as a Whole, have been 
increasing and not just the fuel component. IWo price series were 
reviewed for the purpose of estimating future rail rates— the BLS PPI 
for coal freight and the AAR Material and Wage Rate. The AAR series is 
a longer series (1965-1980 compared to 1969-1980); however, it is for 
railroad costs in general, vhile the BLS PPI series is specific for 
coal freight. Escalation rates are reported for the AAR index, but the 
BLS PPI was used for estimating the future rate of real coal 
transportation cost escalation.
Predicted Future Escalation Rates. The annual cost changes seen 
in Table 36 vary considerably over the period for any given parameter, 
making it difficult to visualize an average annual rate far the period. 
The annual variation can be smoothed or averaged by a simple long- 
linear regression analysis, where the natural log of the real price 
index is regressed against time. The result is a "best fit" constant 
annual escalation rate "r". The real escalation rate r is equal to ê  
- 1, or the antilog of b mimis 1, there b is estimated from an equation 
of the form:
113
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Index = ae
and the appropriate transformation for the regression 
estimate is
Lnlndex = Ln a + bt 
where. Index = the price index 
t = time
e = the base of the natural logarithm 
The regression package in the oonputer program SPSS (Statistical 
Program for the Social Sciences) was used to estimate r for the indexes 
shown in Table 36. The calculated r was selected as the "base case" 
future escalation rate. The regression results are shown in 
Table 37.
Because r was estimated from a regression of 1965 to 1980 data, it 
tended to average the lower pre-embargo rates with the higher post- 
embargo rates, yielding a mid-range rate. The resulting mid-range rate 
was considered to be the best estimate of future rates under the 
assumption that real energy prices would probably be increasing during 
the forecast period.
However, since forecasting is an inexact science, a high and lew 
rate were calculated to bracket the base case rate. The high and low 
rates equal the annual growth rate, vhich must be applied to the 
predicted 1980 price index to equal the upper and lower 95% confidence 
intervals (respectively) for a point prediction in the year 2000. As 
an example, the capital costs for air pollution control equipment have 
increased at a slow real rate of 0.5% for the period 1966 to 1980 (as 
estimated from the regression equation. The predicted index for 1980
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TABLE 37. Regression Results of Real Price Indexes
Predicted Indexes real annual %
Regression Equation n Standard errors 1980 2000 95*RantP escalation rate
Real Price Index Lnln= a + t)T equation b base lower upper low base high
Handy-Whltman 
Steam Production 
Plant 1966-1980 -39.2779 + .O2226T 15
.801 .04922 .00294 121.7 154.9 232.8 1.21 2.25 3.30
Chemical Engineering 
Plant 1965-1980 -5.1636 + .00498T 16 .605 .01869 .00101 106.9 109.8 127.0 0.13 0.50 0.86
BLS PPI for 
Mining Equipment
1965-1980
-43.8896 + .00498T 16 .59 .09542 .00518 139.8 158.0 331.9 0,61 2.50 4.42
BLS PPI for 
All Commodities
1965-1980
-18.25194 + .01164T 16 .52 .05182 .00281 120.5 124.4 186.2 0.16 1.17 2.20
BLS PPI for 
Coal Freight
1969-1980
-63.6038 + .O3458T 12 .96 .04922 .00294 130.6 226.4 300.4 2.79 3.52 4.25
AAR material and 
Wage Rate
1965-1980
-68.9289 + .0373OT 16 .98 .02472 .00134 138.6 265.5 321.8 3.30 3.8O 4.30
U1
is 106.9 and the forecasted index for 2000 is 118.1 with a 95% 
confidence interval of 109.8 to 127.0 (to calculate a confidence 
interval for a point prediction see Koutsoyiannis, 1977; pages 480- 
484). The low scenario escalation rate is ocnputed as the annual 
growth rate at which the 1980 index, 106.9, must escalate for 20 years 
to equal the lower 95% confidence interval in 2000, 109.8. The high 
rate is calculated in the same way, only using the upper 95% confidence 
interval. The resulting real annual escalation rates for SÔ  capital 
costs are base = 0.5%; low = 0.1%; and hi^ = 0.9% (106.9 X 1.001̂ ° = 
109.8 and 106.9 X 1.009̂ ® = 127.0). The 95% confidence interval on a 
year 2000 point predication is a good and fairly sijiple method to 
estimate the potential low and hig^ real escalation rates. However, an 
overall 95% confidence interval for the entire range of 1980 to 2000 
low and hic^ points would be somewhat larger. Table 38 summarizes the 
estimated base low, and high escalation rates for all the market price 
factors (from Table 37).
The escalation rates are used for forecasting a parameter cost in 
the year X as follows:
( X  - 1980)
GOstf = Oost 1980 (1 + r) 
where.
Cost 1980 = the base cost in 1980
r = the annual real escalation rate 
The forecasted oost in year X must then be levelized using Lf if 
it is a variable cost or the fixed charge rate if it is a cental cost 
(capital costs are levelized in the model).
116
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Combining the cjotpound real growth factor 
(1 - r) " 1980) and the variable cost levellzlng factor Lf 
results in the final real levellzlng factor used to forecast future 
levelized costs. These are shown in Table 39. The factor for 
levellzlng future real coal prices uses a procedure vdilch accounts for 
the différât cost factor tiares of coital equipment, operating 
materials, and labor in the costs of underground and surface mining 
(see EPRI, 1979b).
The Impact of real cost increases on the NGP market model Is 
dependent cn the iiput parameters percent of total cost and any net 
difference between the escalation rate for NGP coal and the non-NGP 
coal regions. The coal price multipliers show a substantial difference 
between future underground and surface mined coal.
Sensitivity Scenarios
The previous section of this chapter described the method of 
financial analysis for comparing the costs of using alternative coal 
supply regions, established estimates of current 1980 coal-speclflc 
costs, and estimated a range of real cost escalation rates for 
forecasting future irput parameter costs. This section Integrates 
these results to develop a range of alternative cost scenarios for 
testing the NGP market model's sensitivity to irput cost assuiptlcns.
Every market area defined by the NGP market model Is a function of 
the assumed Irput costs. Each set of irput costs Is the result of 
three different decisions: (1) What Is the SOg control policy? (2)
What are the current 1980 costs? and (3) What are the eapected rates of 
real oost escalation? Each decision level can affect the irput costs
117
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Table 38: Estimate Annual Real Escalation Rates (%/Year)BASE LOW HIGH
Input Parameter 15-Year 1980-2000 1980-2000
Historical Lower 95% Upper 95%
Trend Prediction Band Prediction Band
Base Plant
Capital 2.3 1.2 3.3
O& M  1.2 0.2 2.2
SÔ  Control
Capital 0,5 0.1 0.9
O & M  1.2 0.2 2.2
Railroad Costs
BLS; Coal freight 3.5 2.8 4.3
AAR: All costs 3.8 3.3 4.3
Mining
Capital 2,5 0,6 4.4
Material 1.2 0.2 2.2
Labor 2.0 0.0 4.0
Fran: Estimated from regression results. Table 37
* Separate assuipLLcn made for coal mining labor, see text.
Table 39. NGP Real Escalation Multipliers
Input 1980 1990 2000
Parameter Low Base High Low Base High Low Base High
Base Plant
Capital ■' 1.000 1.000 1.000 1.127 1.255 1.384 1.269 1.576 1.914
O&M 1.026 1.170 1.343 1.047 1.318 1.669 1.068 1.485 2.075
SOg Control
Capital 1.000 1.000 1.000 1.010 1.051 1.094 1.020 1,105 ’ 1.196
O&M 1.026 1.170 1.343 1.047 1.318 1.669 1.068 1.485 2.075
Railroad
Rates 1.462 1.619 1.826 1.927 2.284 2.782 2.540 3.221 4.238
Coal Prices
Under­
ground 1.013 1.17 1.505 1.023 1.399 2.123 1.033 1.672 2.995
Surface 1.000 1.11 1.236 1.041 1.353 1.795 1.083 1.649 2.506
From: Table 38, calculated as described in text.
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and in turn influence the NSP market boundary. Therefore, the 
sensitivity of the model must be tested at each decision level. A 
phenomenally large number of cost permutations would be required to 
test each possible oorhination of different modeling assunptions. To 
keep the number of sensitivity runs to a reasonable level, the 
sensitivity within each decision level was tested against a base case 
oost. It was then possible to identify the decision level at vhich the 
model was most sensitive. All possible combinations of low/base/high 
permutations were not examined. If the joint probability distributions 
of the various parameters were known, the most likely combinations 
could be examined. Without this information it's not appropriate to 
oonpare the most extreme combinations. For example, a coiparison was 
not made assuming low NGP FCB mine prices, low transportation costs, 
high Illinois mining costs, and high Illinois PGD costs. These 
assumptions would result in NGP coal capturing the entire Illinois coal 
market. Similarly, an extreme scenario could be developed using all 
the low costs for Illinois coal and all the high costs for NGP coal and 
result in a NGP: Illinois boundary bisecting South Dakota and Nebraska. 
In the absence of any major technology or policy change, surface and 
underground real mining costs will generally move in the same 
direction— either increasing or decreasing. They may move at different 
rates due to different oost factor shares, but they are both dependent 
on the same oost factors: i.e., capital equipment, operating materials, 
and labor.
The NGP market model base case and sensitivity scenarios are given 
in Table 40. The irput data matrices for each scenario are given in
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Appendix C and are identified by the scenario code. It should be noted 
that the low and hig^ scenario specifications for the market areas over 
time are not designed to necessarily generate a larger or smaller NGP 
market area. Ihe scenarios are based solely on the net result of 
assuming all variables escalate either at the high rate or the lew 
rate.
Table 40. NGP Market Area Scenarios
Scenario Code Market Year
SOg Policy
Scenario Cost Assumptions 
1980 Costs Real Escalation
Decision Level: SO^ Policy
Base 80 1980 Base Base Base
FGD Lo 80 1980 Low Base Base
FGD Hi 80 1980 High Base Base
FGD .890 1990 0.8 Base Base
Decision Level: 1980 Current Costs
Base 80 1980 Base Base Base
Lo Pr 80 1980 Base NGP Low Pr Base
Hi Pr 80 1980 Base NGP Hi Pr Base
Lo Tr 80 1980 Base Base Low
Hi Tr 80 1980 Base Base High
Others 1980 Base IX & WA Low & Hi Pr Base
IL High Pr Base
Decision Level; Real Future Escalation Rates
Base 1980 Base Base Base
Low 1980 Base Base Low
High 1980 Base Base High
Base 1990 Base Base Base
Low 1990 Base Base Low
High 1990 Base Base HighBase 2000 Base Base Base
Low 2000 Base Base LowHigh 2000 Base Base High
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OmPTER V
1HE IMPACT OF FGD POLICE AND CHHER MODEL PARAMETERS GN THE PRmiCTED 
MARKET AREA FOR NGP GOAL AND A COMPARISON WTIH COAL CONlRACr DATA
Market Area Forecasts 
The preceding chapters developed the policy scenarios, 
cost factors and modeling methodology for assessing the inpact of 
various air pollution control policies on the market area for I\K3P ooal.
The 1980 Base Case
Figure 5 illustrates the results of the spatial NQP market model 
for the 1980 "best case" or Base 1980 assumptions developed in the 
previous chapters. It shews the geographical area vhere NGP ooal is 
forecast to be the least oost ooal for a new ooal-fired power plant 
ooming on-line during the period 1985-1990 (a 5-10 year lag period is 
common from boiler order date to on-line date for large plants).
The Base 1980 forecast assumes a PGD scrubbing policy where the 
western states of Montana, Wyoming, Utah, Washington, New Mexico, and 
Colorado require 90% SOg removal and all other states enforce only the 
revised NSPS (variable 70-90% scrubbing, depending on ooal quality). 
The results of Base 1980 show NGP coal being oompetdtdve in 18 states: 
Washington, Oregon, Idaho, Montana, Wyoming, Colorado, North Dakota, 
South Dakota, Nebraska, Kansas, Cklahcma, Arkansas, Missouri, Iowa, 
Illinois, Michigan, Wisconsin, and Minnesota. Four states, Texas, 
Louisiana, Indiana, and Ohio, which are currently receiving NGP ooal.
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fall outside the predicted NGP market area as defined for a new plant 
meeting the RNSPS and eâ )ectdLng Increasing transportation costs.
Figure 5. Base case 1980 NGP Market Boundaries Against 
Competing Coal Stçply Regions
lUtah
Washington
South WycmuKj
Illixilos
&Mexico
COAL SUPPLY REGIONS 
n  Powder R iv e r (NGP)
2. Washington
3. South Wyoming
4. Colorado
5. Utah
6. New Mexico
7. Texas 
6. Midwest
The Impact of FGD Policy
Figure 6 shows the results of the Base 1980 market area in 
conjunction with 1he Hic^ and Low 1980 FGD policy scenarios.
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Figure 6. Base Case 1980 and High and Low SOg Control 
Scenarios
. BASE, LOW, & HIGH FGD 1980
HIGH 1980
COAL SUPPLY REGIONS1. Powder River (NGP)
2. Washington
3. Sou th Wyoming
4. Colorado 
5 Utah
6« New Mexico
7. Texas
8. Midwest
Note: Ihe market model maps used in this report are reduced copies of
the computer derived hyperbolic curves and may not be exact 
reproductions. Figure 5 shows the boundaries between I$3P coal and each 
ocnpeting coal supply center. The envelope of these curves bounds the 
NGP market area. In most of the remaining figures, for clarity, only 
this least cost NGP envelope is shewn for a given set of market curves.
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Low 1980 Scrubbing Scenario. The Low 1980 PGD scenario (RNSPS in 
all states ) results in the same market area as the Base 1980 
assumptions. There is no change because the Low FGD policy (70%-90% 
removal per the RNSPS) assunption alters only the cost of scrubbing in 
western ooal states and all the western coal scrubbing costs change 
equally, except for Washington ooal. In the case of Washington coal, 
NGP captures the Washington market when comparing only NGP:Washington 
because NGP can meet the standard with che^ dry scrubbing, vhere as 
Washington coal requires the more expensive wet scrubbing. However, 
vhen all the coal supply centers are compared. South Wyoming betters 
NGP in western Washington. Therefore, SWYrNGP determines the least 
cost Low FGD bcwndary in Washington and no market change occurs.
The Low FGD Illinois boundary is the same as the Base Case since 
the Base Case already assumes that only the RNSPS will be enforced in 
the Midwest.
High 1980 Scrubbing Scenario. The Hiçh PGD scenario assumes 90% 
SOg removal for all coals— regardless of quality- The western coal 
boundaries don’t change since the Base Case already assîmes that 90% 
removal is required on low sulfur western coals burned in the west.
The most significant change occurs in the NGP:Illinois and 
NGP:Texas boundaries. NGP loses market area because the more expensive 
wet scrubbing is required for NGP coal to achieve 90% SOg removal. The 
PGD costs for high sulfur Illinois and Texas coal don’t change in the 
High FGD scenario since they were already forced to 90% scrubbing under 
the Base Case RNSPS scenario. Although Texas coal gains market area 
under the 90% removal scenario, it does not effect the least cost NGP
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market due to New Mexico being more conpetitive in the south. The
model does, however, accurately portray the recent increase in Texas
lignite production (see discussion in ̂ [pendix D).
In the Midwest, NGP loses major population centers in the states 
of Illinois, Missouri, Michigan and Arkansas under the 90% scrubbing 
scenario. Unfortunately, complété coal forecasts were not made for 
each run of the spatial model so a comparison of actual coal tonnage 
can't be made. The market less is greater than that of the Low 80 
escalation rate scenario which resulted in a loss of approximately 8 
million tons per year by 1990 (other factors constant, i.e., inter-fuel 
substitution, electric growth rat:es) (see later discussion on ooal 
forecasts). This NGP market loss is similar to the one predicted by 
EPA during its analysis of the RNSPS. EPA found that the increased use 
of Illinois coal under a 90% scrubbing standard increased electricity 
rates and SClg emiissions and, therefore, 90% scrubbing was not an
efficient standard.
.8 lb SÔ  Ceiling in 1990. Figure 7 shows the predicted market 
area for a .8 lb SÔ  ceiling standard in the year 1990. The .8 lb 
standard was analyzed for 1990 because it is a proposed standard and 
would not impact the current generaticm of power plants under
construction. The .8 lb standard is shown with the Base Case 1990 
market in Figure 7. Once again the western state boundaries stay the 
sane vhile Illinois changes. In this scenario the competitiveness of 
N3P in the midwest improves over the Base Case. Illinois coal must 
continue a high percent SOj removal to meet the .8 lb emission ceiling 
vhile NGP experiences major decreases in scrubber O & M  costs (see
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Tables 24 & 27). The NGP .8 lb SĜ  plant experiences similar SÔ  
capital costs as tbe Base plant, but substantially dheaper O & M  costs 
because a significant amount of flue gas can be bypassed. Ibe bypass 
results in major O & M  savings.
If the FNSPS were changed to a .8 lb SÔ  ceiling, NGP's
conpetitiveness in Illinois would Increase and NGP would regain the
market area lost due to increasing transportation costs. The larger
market area would include major populations in eastern Michigan,
western Illinois and Central Icwa. The possibility of NGP coal
Figure 7. Base 1990 and .8 lb SO, Ceiling Standard 
in 1990
i
iCOAL SUPPLY REGIONS 
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2. Washington
3. South Wyoming
4. Colorado 
Utah6. New Mexico
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8. Midwest
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penetrating major Midwest coal markets under a .8 lb standard is high 
and would probably stir political pressure against the standard (see 
RNSPS discussion in Cheater II).
Other Parameter Impacts
The sensitivity of the model was tested against a number of irçxit 
variables other than PGD policy. The objective was to identify any 
parameter to which the model was sensitive. The parameters 
investigated include: capital charge rate, NGP FOB price,
transportation rates and various real rates of cost escalation.
Capital Charge Rate. The market model was tested for sensitivity 
to the capital charge rate and found to be insensitive (7.41% base 
(with tax preferences) versus 9.33 hiÿi (without tax preferences)) . 
The only observable change from using the higher rate was a small 
decline in the Texas lignite market. This was due to Ihe higher 
capital costs for Texas lignite power plants. It did not affect the 
least oost market area for NGP since the model predicts New Mexico and 
Colorado ooals out competing NGP ooal in the Texas market.
NGJ* PCB Price. Figure 8 shows the NGP market area saisitivity to 
assumed 1980 FOB mine price. The price assunptions in levelized $/ton 
for 8600 Btu/lb coal were: High = $11.77/ton. Base = $9.77/ton and Low
= $7.88/ton. The price assunptions derive from the research compiled 
in Table 33 and /ppœdix D and reflect a range that is reasonable for 
NGP ooal given the variable reserves and quality in the region.
The markets sensitivity in the Midwest is comparable to the 
sensitivity seen for PGD policy, transportation rates, and real price 
escalation rates (Figures 6, 9, and 10). Whan a high NGP price is
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assumed, llllnodLs, Arkansas, and southern Missouri fall out of the NGP 
market area as does Central Michigan. In the low NGP price scenario, 
NGP is conpetltive in most of Michigan, Missouri, and Adcansas and the 
western half of Illinois.
Figure 8. 1980 Base Case and Low and High NGP Coal
Price Scenarios
lilQI PRI(^
COAL SUPPLY REGIONS 
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2. Washington
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5. Utah
6. New Mexico
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6. Midwest
In the Vtest and South, the model is also sensitive to NGP ooal 
price assumptions. This is due to K B  price being a 'larger component 
of the absolute cost difference between using NGP coal or Rocky 
Mountain ooal. For ĉanple, in the model the NGP and Rod^ Mountain
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base plant costs are similar, FGD costs are the same, and 
transportation rates and distance are similar.
It is interesting to note that if the low NGP price is assumed, 
NGP becomes ocnpetitive in Texas, Louisiana, Washington and Qregcn. 
Low Price 1980 is the only scenario tested that tarings Texas and 
Louisiana into a 1980 NGP market area. In the Base Case scaiario, 
these southern and western markets are lost to New Mexico and southern 
Incoming coals respectively. In the hiç^ NGP PCB price scenario, NGP 
southern and western markets diminish substantially. NGP looses all of 
Idaho, Washington, Oclahoma, the southern half of Kansas and Colorado.
The early NGP ooal contracts to Texas and Louisiana utilities 
probably resulted from bargain NGP prices, cheaper PGD, and an 
underestimate by utilities of future real increases in rail rates. 
Sources familiar with ooal markets have stated "off the record" that 
early prices and rail rates were held artificially low to allow 
development of coal leases and initiate long-haul coal contracts with 
the railroads.
Transportation Costs. Figure 9 shews the models sensitivity to 
assumed high and low costs for transportation. The assumed high rate 
is based on a real cost escalation rate of 4.3% vhile the Base and Lew 
rates are 3.5% and 2.8% respectively. Once again the midwest band of 
uncertainty runs through eastern Michigan, Western Illinois and Central 
Icwa. The western coal boundaries are shown to be less sensitive to 
the range of transportation costs than the range for NGP PCB mine price 
discussed previously. This is reasonable given the shorter transport 
distances and equal rates per mile for western ooals.
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Figure 9. 1980 Base Case and Low and Hig^ TransportationCost Scenarios
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Midwest
Real Escalation Rates. Figures 10, 11, and 12 show the market 
areas generated vdien assuming the lew and high rates of escalation for 
each of the years: 1980, 1990, and 2000, respectively. The low and
hiĉ  scenarios are not designed to give a larger or smaller NGP market 
area. The low and high refer to the real escalation rates assumed (see 
Chapter IV). The results indicate that the market is fairly sensitive 
to alternative assunptions for future real oost escalation rates. The
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hlç^ escalation rates result In a larger NGP maiAcet because the assumed 
hi#i real escalation rate (4%) for mining labor costs substantially 
increases the real cost of underground mining in the model. Ihis real 
mining oost increase is large enough to ocrpensate for the hiÿïer real 
cost of ooal transportation and results in a
Figure 10. 1980 Base Case and Low and High NGP Escalation
Rate Scenarios
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Figure 11. 1990 Base Case and Low and Hiçpti Escalation
ite Scenarios
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Figure 12. 2000 Base Case and Low and NGP Escalation
Bate Scenarios
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larger NGP market area (high Rate vs. Base Case for a given year). The 
low escalation rate scenario results in a smaller NGP market than the 
Base Case in any givai year. This h^spens because the net effect of 
assuming the low escalation rates is a lower cost fcxr underground 
mining (a net savings of $2.36 per ton for IL ooal). This lower 
underground mining oost overrides the effect of lower transportation 
rates because both coirç)eting regions are experiencing ths lower 
transportation rates.
Figure 13 shows the predicted Base Case market areas over time—  
1980, 1990, 2000. The results indicate a steadily decreasing NGP 
market area given that real costs continue to escalate as they have in 
the past 15 years (Base Case soenario rates). The key variable causing 
the Base Case NGP market area to decline over time is the assumed 
escalation rate for ooal transportation costs. The continuing real 
increase in transportation costs dominates the other model escalation 
rates in the Base Case time series.
In summary, the predicted 1980 NGP market area for new plants does 
not include the states of Texas, Louisiana, or Indiana. All three 
states currently receive NGP ooal. The higher transportation costs and 
the 1979 RNSPS have combined to make New Mexico, Colorado, and Texas 
ooal more cost-effective in Texas and Louisiana, vhile interior coal is 
cheaper in Indiana and most of Illinois. In 1990, Oregon, Washington 
and Illinois fall out of the market area and in the year 2000, Idaho, 
Oklahoma, and Arkansas fall out. Given this time series analysis of 
the Base Case escalation scenarios, the future market area for N3P coal 
is expected to be smaller than the current market area. However, the
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real cost of ooal transportation may not escalate over the next 20 
years at the high rates forecast here. Ocnpletion between transport 
nodes and/or new technology could help hold down real cost Increases. 
Future underground mining labor costs are also a key parameter in the 
model.
Figure 13. 1980, 1990, and 2000 Base Case Market Areas
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N3P Population Shares
Table 41 gives the models predicted population shares for each 
real escalation rate scenario (Low, Base, and Hi^) for each market 
model year (1980, 1990, 2000). The percents reflect the predicted 
share of the state’s population falling in the NGP market area. The 
predicted decline of the NGP market area with time, vdrLch was 
graphically shown in Figure 13, can also be seen in the lower NGP 
population percents for 1990 and 2000. For the Base Case scenarios, 
the NGP market area goes from having a population share (new plants) in 
17 states in 1980 to 14 states in 1990, and 10 states in 2000. Note 
that a state may be geographically in the market area but have no 
population share. This can happai When the population colters do not 
fall within the geographical area captured by NGP coal (i.e., Michigan 
in the 1980 Base Case).
Table 42 gives a summary of the estimated state pcpulation falling 
within the various 1980 market scenarios. The calculations were made 
fcy simply multiplying the states forecast share by the states total 
estimated 1980 population. The states are grcujped in the table by 
vhether they consistently fall within the 1980 market scenarios (Base 
Lew and High). The seven states - lA, KS, MN, MT, NE, ND, and SD are 
ccnsistently 100% 1980 NOT market states. Their total market 
population is 13.1 million or 50% of the antire forecast 1980 Base 
population (26.0 million). Three of the stable states: lA, KS, and MN
have 71% or 9.3 million of the 13.1 million consistently within the 
1980 market.
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Table 41. NGP Market Area Population Percents
State Low
1980
Base High Low
1990
Base High Low
2000
Base High
AR 35 35 85 0 0 34 0 0 33
CO 12 81 95 12 11 94 0 0 94
ID 16 34 100 0 14 14 0 0 91
XL 2 5 87 0 0 5 0 0 0
IN 0 0 17 0 0 0 • 0 0 . 0
lA 100 100 100 62 86 100 18 62 100
KS 100 100 100 100 100 100 0 62 100
LA 0 0 0 0 0 0 0 0 0
MI 0 0 36 0 0 2 0 0 0
MN 100 100 100 100 100 100 100 100 100
MO 37 40 40 31 31 40 3 30 37
MT 100 100 100 100 100 100 100 100 100
NE 100 100 100 100 100 100 100 100 100
ND 100 100 100 100 100 100 100 100 100
OK 45 45 45 0 0 44 0 0 44
OR 8 8 100 0 9 9 0 0 11
SD 100 100 100 100 100 100 100 100 100
IX 0 0 0 0 0 0 0 0 0
VA 10 10 97 0 10 10 0 0 76
VI 90 96 100 14 29 100 7 14 90
WY 81 81 100 72 72 72 26 59 60
Data from NGP market model runs.
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TABLE 42: Total Market Population and NGP State Population Shares for
1980 Base, Low and High
Base Low High
State
Total State
Population
(m illions)®
% b
Share* Pop.
%
Shareb Pop.
Change
from
Base
% of
Total
Change* Shareb Pop.
Change
from
Base
% of
Total
Change*
States Consistently 100% In  
lA 2.9
1980 Market Range 
100 2.9 100 2.9 0 0 100 2.9 0 0
KS 2.4 100 2.4 100 2.4 0 0 100 2.4 0 0
MN 4.0 100 4.0 100 4.0 0 0 100 4.0 0 0
MT .8 100 .8 100 .8 0 0 100 .8 0 0
NE 1.6 100 1.6 100 1.6 0 0 100 1.6 0 0
ND .7 100 .7 100 .7 0 0 100 .7 0 0
SD .7 100 .7 100 .7 0 0 100 .7 0 0
SUBTOTAL 13.1 100 nTT 100 13.1 T Too 13.1 ~ 0
States Bisected by the 1980 Market Range
]
AR 2.3 35 .8 35 .8 0 0 85 2.0 1.2 5.4
CO 2.9 81 2.3 12 .3 - 2.0 -64 .5 95 2.8 .5 2.3
ID .9 34 .3 16 .1 — .2 -  6.5 100 .9 .6 2.7
XL 11.4 5 .6 2 .2 — .4 -12.9 87 9.9 9.3 42.1
IN 5.5 0 0 0 0 0 0 17 .9 .9 4.1
MI 9.3 0 0 0 0 0 0 36 3.3 3.3 14.9
MO 4.9 40 2.0 37 1.8 — .2 -  6.5 40 2.0 0 0
OK 3.0 45 1.4 45 1.4 0 0 45 1.4 0 0
OR 2.6 8 .2 8 .2 0 0 100 2.6 2.4 10.9
WA 4.1 10 .4 10 .4 0 0 97 4.0 3.6 16.3
WI 4,7 96 4.5 90 4.2 - .3 -10.0 100 4.7 .2 0.9
WY .5 81 .4 81 .4 0 0 100 .5 .1 .5
SUBTOTAL 52.1 24.8 12.9 18.8 9.8 - 3.1 -100.0 67.2 35.0 22.1 100.0
TOTAL^ 65.2 39.9 26.0 35.1 22.9 - 3.1 -11.9 73.8 48.1 22.1 85.0
ab
c
d
Source: D uffie ld  e t a l ,  1982, Table I ,  page 3-5*
Table 41
The states population change as a % of the to ta l scenario change from Base Case. 
Totals may not add due to independent rounding*
Twelve states are bisected by at least one of the 1980 market 
scenarios. Of these 12 variable market states, ten have population 
shares in the 1980 Base scenario. The three largest population share 
states in 1980 Base are: 00 - 2.3 million, MO - 2.0 million and WI-
4.7 million. 00, MO and WI contain 68% of the 1980 Base bisected state 
population.
The 1980 Low market soenario results in a total loss of only 3.1 
million people or a 12% drop in market population. The 1980 Hig^ 
scenario results in a total population increase of 22.1 million or an 
85% increase. These results show NG3P garnering a large and stable mid­
continent market area with a low probability of losing market share. 
However, several key swing states can be identified in Table 42 that 
are potential contributors to a major increase in the Base Case market 
population.
Major Swing States
Market area states with greater than 7.0% (1.8 million) of the 
total 1980 Base Case market area population (26.0 million) include: 
lA, KS, MN, CO, MO, and WI. Of these six, lA, KS, and MN fall totally 
within each of the 1980 market scenarios (Base, Low and Hiĉ ) and are 
therefore considered 100% NGP share states.
00, MO and WI are 1980 Base Case boundary states with geographical 
areas falling in or out of the NGP market depending on the market 
scenario. The results in Table 42 show that the NGP market shares in 
MO and WI are fairly stable, decreasing by only 0.5 million in the Low 
scenario and increasing by only 0.2 million in the High soenario. NGP 
basically captures all of the WI population in each of the scenarios:
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Lom-90%  share, Base-96% share and Hi^-100% share. In Missouri, NGP 
oonsisteitly only c^rtnres about 40%. The densely populated St. Louis, 
MD area is sinply a stones threw aw^ from major Illinois coal mines 
and consistently falls outside the NGP market area. This results in 
the Missouri 40% in 60% out split.
Low 1980 Scenario. CX) is also a boundary state, but unlike MO and 
WI its NGP population share is not stable. In the 1980 Base and High 
market areas, NGP captures most of Colorado's 2.9 million population- 
81% and 95% respectively. Hcwever, in the Low scenario NGP loses the 
Denver market area, resulting in only a 12% or .3 million population 
share. The Denver market area is the only major NGP loss in the Low 
market area scenario. The lost 2.0 million population accounts for 
64.5% of the total 3.1 million that is lost across the entire 19 state 
NGP market area in the Low 1980 Scenario.
High 1980 Scenario. In the 1980 High scenario, major pcpulation 
centers in IL, MI, AR, OR and WA are included in the NGP market. The 
single largest increase occurs in the Chicago region of IL. The IL 
population share increases from 0.6 million (Base Case) to 9.9 million 
(Hi^ Case). The second largest state increase occurs in MI vhere NGP 
captures the Detroit area - from 0% in the Base Case to 36% or 3.3 
million in the High Case. It is interesting to note that the Detroit 
area has benefited from cheaper NGP transport costs ty shipping coal 
via the Great Lakes. NGP has also gained pre-1980 market share in the 
Detroit area because several new power plants were sited under the 1.2 
lb SOg NSPS. The Detroit area would lend itself to an interesting case 
study given its special transport option and continuing air pollution
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problems.
The WA and OR NGP population shares increase from about 10% under 
the Base Case to 100% in the High Case. These states have benefited 
historically from hydropower and have more recently encountered 
problems in the development of new nuclear power plants. The Northwest 
also receives a considerable amount of its electricity from mine mouth 
coal-fired power plants. In an assessment of coal by wire to WA and 
CR, it was determined that NGP's share was 75% and 90% respectively, 
when assessing new and proposed plants (from 1976 on) (see /̂ ppendix D). 
This is a larger share than the model predicts using unit train 
transportation costs. It's possible that the BPA’s involvement in 
regional high voltage transmission has altered the true utility cost of 
transmission. The actions of the Ncarthwest Power Planning Council may 
also oonplicate future generation options and reduce the predicting 
power of the NGP market model in the Northwest.
The potential for NGP to gain major population shares beyond the 
Base Case is significant. The largest potential gain is in the densely 
populated Midwest. There will undoubtedly be some mix of coal sources 
in the zone of indifference surrounding the theoretical market 
boundary.
Summary. There are 11 key population share states (greater than
1.8 million) within the possible range of 1980 NGP market areas (Lew to 
High). Of these 11, 5 are stable NGP market states: lA, KS, MN, MO,
and WI. Their NGP share does not change across the three 1980 
sĉ iarlos-Lcw, Base, and Hi^. The other six states: 00, IL, MI, OR,
WA, and AR are considered key swing states - either falling out
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(Colorado) or being picked up (in terms of the Base Case States) with 
reasonable changes in the market model assumptions. Figure 14 shows 
graphically the 1980 NGP market zone of uncertainty. All of the 1980 
policy and cost scenarios fall within this range. The perimeter of the 
zone results from the assumed range of NGP FOB prices, except the inner 
NGP:IL boundary vhich derives from the high PGD scrubbing soenario (90% 
removal on NGP coal).
The model forecasts that if changing economic factors cause a 
decrease in the 1980 Base Case market area (lower underground mining 
costs and/or increased rail rates), only a small decrease in maricet 
population will result - from 26.0 million to 22.9 million. The 
largest single loss is the Denver region in Oolcarado. On the other 
hand, if changing market factors were to cause an increase in the 1980 
Base forecast market area, as in the High 1980 scenario (higher 
underground mining costs and/or lower rail rates), an 85% increase in 
market population could occur - from 26.0 million to 48.1 million. The 
key population centers picked up are in IL, MI, AR, OR, and WA. The 
single largest increase occurs vhen NGP penetrates the densely 
populated Chicago region of IL, adding 9.3 million to the NGP market 
area (42% of the 22.1 million increase). The next two largest swing 
states are Washington and Michigan.
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Figure 14. The 1980 NGP Market Zone of Uncertainty
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Forecast NGP Coal Demand
Table 43 sunmarizes the NGP coal forecasts by year. The full 
project document should be consulted for the details related to 
assunptions for electric consumption growth rates and inter-fuel 
substitution (nuclear, oil, gas, hydro, and coal). The general 
strategy, as discussed earlier, was to forecast electrical consumption 
for market area states, subtract out 1979 generation and allocate new 
generation capacity among nuclear, hydro, oil gas, NGP coal and other 
coals.
The spatial markets derived earlier in this Chapter yield the 
share of a given states population that is within the N3* market 
boundary for a given year. This share was used to allocate the 
incremental growth in coal-fired generation for a given forecast 
period. For example, the forecast in 1990 includes plants that came 
on-line between 1979 and 1990. The 1980 market boundary is used in 
this case to approximate the conditions under vhich the utilities made 
the decision for this generation of plants. Similarly, the 1990 
spatial market is assumed r^nesentative for plants coming on-line 
between 1990 and 2000, eto.
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l^le 43. NGP Coal Forecasts by Year and Market Scenario 
(1000 Tons)® % % %
Change Change Change
Spatial From From From
1990 Base 2000 Base 2010 Base
Low 137,370 -6 158,779 -8 174,073 -14
Base 145,187 — 172,637 - 202,948 -
High 165,534 +14 287,590 +72 378,705 +87
Constant? 195,977 +35 435,137 +152 666,499 +228
oonsunption growth rates and inter-fuel substitution; tannage data 
is from Tables 3 and 4, Chapter 1.
- Model year as discussed in text.
® - constant market assumption of 58% weighted average as given in 
Table 44 (Best estimate for new and proposed plants).
Coal forecasts for the Base Case market areas 1990, 2000 and 2010 
in million tons are 145, 173, and 203 respectively. The incremental 
growth is: 1979 to 1990 = 49 10̂  tons, 1990 to 2000 = 27 10̂  tons, and
2000 to 2010 = 30 ICf tons. These results indicate continued growth in 
NGP coal denand to the year 2010; however, the growth rate is 
decreasing with time. The tonnage data for the Low scenario reflect 
the minor decrease in market population seen in Table 42. The lew 
scenario coal production tonnage is only 6%, 8% and 14% lower than the 
Base for 1990, 2000, and 2010 respectively. The High scenario
forecasts represent a significant increase over the Base Case tonnages: 
1990 (+14%), 2000 (+72%), and 2010 (+87%). The High Case tonnage 
projections parallel the High Case population forecasts as vrould be 
expected. Assuming a constant weighted market share of 58% (as 
developed later in Table 44) results in even higher NGP forecasts than
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the market model population based forecast. The higgler constant
diare forecast results fron extrapolating current 1980 NGP shares 30 
years into the future. For examplê  Louisiana and Texas have NGP 
shares of 61% and 42% respectively in the constant market scenario, 
where as they have no new NC3> demand in the population weighted 
forecast because they fall outside the NGP market area.
Comparing the NGP Market Model Results with utility Coal Contract Data 
Three Generations of Power Plants.
As discussed in the air policy and coal contract chapters, the 
population of existing and proposed coal-fired power plants in the 
united States is characterized by basically three different generations 
or age-related groups. They are the SIP oonplianoe plants, the 1.2 lb 
SOj NSPS plants, and the 1979 RNSPS plants with expected high coal 
transportation costs. The different economic factors determining the 
least-cost coal for these plants has resulted in generation-specific 
geographic market areas for NGP coal. The market areas overlap and 
produce a mix or share of the coal demand going to NGP coal. In 
addition to the mix of coals resulting from the different generations 
of power plants, the sensitivity analysis discussed earlier showed that 
the 1980 Base boundary was not a fine line but a broad band vhere there 
is considerable room far utility discretion in making least-cost coal 
choices. Within this area of indifference, the final coal choice 
depends on site-specific conditions and hew the utilities perceive 
future econonic mxl policy conditions.
A rather oonplex mix of utility coal choices (far existing and 
proposed plants) has resulted from the different power plant
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g«ierations and the different utility philosophies toward future cost 
escalation. Another oonplicating factor is that there is tk> clear-cut 
age distribution between the different generations of plants because 
utilities keep slipping the on-line dates for many proposed plants. 
On-line dates are also being moved back due to utilities over 
forecasting electricity demand. The result is a number of 1.2 lb 
plants coming on-line as late as 1986.
The 1980 Base Case Forecast
All of these factors contribute to the oonplicated mix of NGP coal 
shares for existing and proposed power plants. One objective of this 
thesis was to define the new NGP market area characterized by current 
SÔ  control policy (1979 NSPS) and current 1980 economic conditions 
(real increasing costs for transportation and mining). The results of 
this effort, the 1980 Base Case market area, indicate that out of the 
21 states currently receiving NGP coal (Ohio excluded), three states 
fall outside the 1980 base market area (Indiana, Texas, and Louisiana); 
10 states are bisected by the boundary (Arkansas, Colorado, Idaho, 
Illinois, Michigan, Missouri, (3rlahcma, Washington, and Wyoming), and 
eiĉ t states are totally , or almost totally, within the 1980 base 
market area (Iowa, Kansas, Minnesota, Montana, Nevada, North Dakota, 
South Dakota, and Wisconsin).
Method Of Comparison
In order to make comparisons between the forecasted 1980 market 
area and current utility coal contracts, a major effort was made to 
identify each coal-fired power plant in the 21 states receiving NGP 
ooal and then assign it to a generation of specific plants. The
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majority of the analysis was dene on a megawatt basis (fron /Appendices 
E, F, and G) because coal tonnage data are incomplete and often include 
extraneous assumptions for plant capacity factor and ooal quality. 
Computing NGP's share in megawatts results in a share of projected 
electricity demand vrtiich is directly comparable to forecasted NGP 
population percent shares.
^ppondix D discusses the method and data used to derive the 
current 1979-1980 NGP ooal-electric share for the NGP market states. 
The primary method was to summarize DOE utility ooal origin-destination 
data by state for deliveries originating in the NGP ooal supply 
counties. In addition an assessment was made of coal-by-wire to the 
Pacific Northwest. The ooal-by-wire analysis involved determining mine 
mouth power plant ownership shares and then estimating the state 
destination share by utility service area. The coal by wire analysis 
is summarized in appendix D, Tables D-4 to D-8. The coal contract data 
is also developed in ^pendix D vtdle the plant generation data is 
summarized in /ppendix G tables.
NGP Current (1979-1980) and Firm Oontract Shares (1976-1990)
NGP's current, 1979-1980 market share, is summarized in the first 
column of Table 44 as a percent of destination state coal-fired 
electricity. The current destination states are groiped according to 
their relationship to the 1980 Base market area (i.e., outside, 
bisected or totally within). NGP's current share of coal-fired 
electricity in the 21 destination states is 31%. The current NGP share 
shows a fair fit to the groiped 1980 Base market states even though the 
1980 Base model parameter assumptions were selected to model new
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TABLE 44. Comparison of NGP Market Area Shares: Current vs Contracts (percent)
State
Current 
1979-1980 C oal-*  
E le c tr ic  Share
Coal Contract Shares 
1976-199Qb 
New & Proposed
Best Range
States Outside the 1980 Base NGP Market Area
IN 4 0 0 - 2 1
LA 100 61 48 -  70
TX 37 42 36 -  50
SUBTOTAL
States Bisected by 1980 Base NGP Market Area
T T "33 “
AR 100 82 61 -  87
CO 26 48 29 -  63
ID 5 28
IL 17 G 0 - 5 0
MI 13 62 56 -  65
MO 3 31 31 -  31
OK 100 100 80 -  100
OR 46 75
WA 44 90 — —
WY 41 92
SUBTOTAL ~20 ~62
States T o ta lly  in  1980 Market Area
lA 62 80 70 -  83
KS 64 100 100 -  100
MN 100 100 82 -  100
MT 100 97 ——
NE 56 100 77 -  100
ND 100 100 100 -  100
SD 100 — — — — —
WI 31 100 86 -  100
SUBTOTAL “ 69 ------
Subtotal fo r states bisected or in  1980
base market area 34 76
Total fo r a l l  states in  the current
1979-1980 market area 31 58
ab Derived from Appendices E and F. Derived from Appendices F and G.
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plants, not old plants currently receiving ooal. The current market 
share increases, from 20% to 69% as would be expected, when ocnparing 
states bisected by -the boundary to states totally within the boundary.
The second ooluttn in Table 44 presents vAiat is considered the best 
NGP coal contract share for forecasting the share of coal-fired 
electricity going to NGP coal in 1990. The estimate is based on ooal 
contract data for all the new and proposed plants coming on line 
between 1976 and 1990. Only "firm" proposed plants were included, and 
the NGP percentage was based on proposed plants with "known" coal 
sources. The NGP percent share includes coal by wire estimates. The 
oontract share data for new and proposed plants closely fits the 
forecasted trend of the NGP market model except for the three states 
predicted to fall outside the 1980 Base market - IN, LA, and Tx. 
According to the best contract data, NGP captures 33% of the new and 
proposed utility ooal maricet in these states. However, this should rx>t 
be considered an error in the model since these states are locked to 
long term contracts based on pre 1980 market conditions.
The bisected state share increases to 62% vhen examining new plant 
oontract shares. The trend among the bisected states also matches the 
general predicticn of the model. For example, the three lowest shares 
are in IL, MD, and ID vhile the highest shares are in OK, WY, and WA.
The state share increases to 96% of predicted 1980 oontract coal 
vhen assessing states totally within the predicted 1980 market. This 
close match indicates that the model is accurately predicting utility 
decisions in the core market area states.
In Table 45, the 1976-1990 NGP coal contract shares are shown 
disaggregated into three different generations of plants: all new
149
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
plants, 1976-1980; 1981-1990 proposed plants; and 1976-1990 plants with 
strict SĈ  controls. The purpose of this disaggregation is for 
comparing the models predicted 1980 population share to the actual 
contract share for eachi generation of power plants.
In the first column of Table 45, shares for plants oomirg on-line 
from 1976 to 1980 are summarized. Since seme of these plants were 
built under the old (NSPS) pollution standards, the shares tend to be 
larger than the 1980 Base market scenario predicts (last column of 
Table 18).
In order to obtain a larger sample size and to capture the effect 
of changing SÔ  policy and econonic conditions, proposed plants (1981- 
1990) are sunmarized in column 2. The data shew an increasing oontract 
share (relative to 1976-1980 new plants) for states partially in the 
market area as would be expected (51% up to 73%) and mixed results for 
the states outside the market. The Texas oontract data show a trend 
away from NGP coal (62% down to 22%) as forecast by the model. 
Hcwever, the Louisiana results (0% up to 61%) reflect the long lag 
period for the 1.2 lb. plants and the fact that no ooal plants existed 
prior to 1980. For the entire 21-state sample, NGP's weighted share 
drops from 61% to 56% (vhen comparing new plants to proposed plants).
In an attempt to estimate NSP's share of the power plants most 
similar to those modeled in the 1980 Base market area, NGP's share was 
calculated for the new and proposed plants with strict SQ̂  oontrol 
regulations (high percentage SOg removal - PSD or 1979 RNSPS).
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table 45. Comparison of NGP Market Area Shares; Contract vs Forecast (percent)
Coal Contract Shares® 
State New Plants Proposed Plants
S tr ic t  
SO2 Control
Market Model 
Population Shares 
1980 Range 
Base (Low-High)
States Outside the 1980 Base NGP Market Area
IN 0 0 0 0 0 - 1 7
LA 61 0 0 0 -  0
TX 62 22 0 0 0 -  0
SUBTOTAL “ 45
_
Ô Ô
States Bisected bv 1980 Base NGP Market Area
AH 100 75 0 35 35 -  85
CO 22 75 36 81 81 -  95
ID  14 100 28 100 16 -  100
IL  0 0 0 5 2 - 8 7
MI 26 85 0 0 0 - 3 6
MO 26 37 42 40 37 -  40
OK 100 100 100 45 45 -  45
OR 61 100 75 8 8 -  100
WA 71 100 90 10 10 -  97
WY 79 100 92 81 81 -  100
SUBTOTAL “ sT “ 73 "59 —-
States T o ta lly  in  1980 :Market Area
lA  100 67 0 100 100 -  100
KS 100 100 100 100 100 -  100
MN 100 100 100 100 100 -  100
MT 90 100 100 100 100 -  100
NE 100 100 100 100 -  100
ND 100 100 100 100 100 -  100
SD — 100 100 -  100
WI 100 100 100 96 96 -  100
SUBTOTAL Too “ 93 "95 Too --
a =
Subtotal fo r  States
Bisected or in
1980 Base
Market Area 70 81 75
---
Subtotal fo r  A ll
States in  the
Current 1979-
1980 Market
Area 61 56 51
a
b Derived from Appendices F and G. NGP Market Model runs.
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The resulting estimated percent shares are shxDwn in the third 
column of Table 45. The number of plants falling within this category 
is small, and in a few cases the SOg control regulation was assigned to 
a plant by "best guess" resulting in a Icwer level of confidence in the 
percent share. Ihe results, however, correspond fairly well with the 
population percents generated by the 1980 Base market area (see last 
column). A problem with this comparison is that the only parameter 
consistent across the "strict SĈ  " plants is pollution control policy. 
Real labor and rail costs have increased dramatically. Nonetheless, 
the sample provides some evidence that the spatial model can 
discriminate accurately to the level state.
Given that the states are grotçjed according to the 1980 Base 
market boundary and assuming that the model accurately predicts utility 
behavior, it would be expected that as one progresses through time (or 
through the different on-line dates for the power plant generations), 
that NGP's oontract share of utility coal would approach the model's 
forecasted population share for those states either totally outside or 
inside the 1980 Base market area.
The NGP share for the states bisected by the boundary would depend 
on vhich side of the boundary the new and proposed plants were located. 
Over the long run, this share should also approach the model's 
forecasted population share.
As suggested previously, the current and oontract shares in Tables 
44 and 45 represent NO»'s share for different age groups of power 
plants, v̂ iile the populaticxi share in Table 45 represents the 
forecasted share for the new plant 1980 Base market. The order in
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which the actual shares should approach the predicted shares is as 
follows (from worst to best): current (1979-1980), new plants (1976-
1980), proposed plants (1981-1990), and strict SÔ  -controlled plants 
(1976-1990). The reason for e:q)ecting a better fit in this order is 
that more of the coal choices for the later plants (proposed and strict 
SO2 control) were based on economic conditions closer to those modeled 
in the 1980 Base soenario. This trend obviously exists for the states 
lying outside the 1980 Base market (Table 45). The NGP weighted 
contract shares for Texas, Louisiana, and Indiana are: current, 21%;
new, 45%; proposed, 25%; and strict SO^, 0%. The forecasted 1980 Base 
share equals 0% since these three states fall outside the 1980 Base 
market. The coal contract data support the model forecast.
For states lying totally within the market area, the model 
forecasts an obvious 100% NGP coal share. The actual contract data 
show a general increase in NGP's coal share over time for these states- 
-current, 69%; new, 100%; proposed, 93%; and strict SO^, 95%;
approaching 100% but not quite reaching it. Iowa was the only state 
totally within the 1980 Base market area contracting for non-NGP coal 
and it is felt that the models misprediction probably resulted from 
using only one supply center for the large Illinois coal basin.
For states bisected by the 1980 Base market boundary, there is a 
trend of increasing NGP coal share and then a decline; current, 20%; 
new, 51%; proposed, 73%; and strict SOg, 59%. The decline to a 59% 
share of strict SC^-controlled plants does not reach the 34% forecasted 
by the market model. The increasing NGP oontract ^lare from current to 
new to proposed plants would be e:iq)ected during the 1.2 NSPS period, as
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would the decline to 59% under the 1979 RNSPS or strict SOg ocntrol. 
The fact that the decline does not reach the 34% population share 
predicted by the model is due to: 1) a small sanple size for the ooal
oontract data for strict SC^-controlled plants; 2) the long lag time 
between ooal choices and power plant on-line dates; and 3) it is still 
early in the transition period. The population ranges shown in Table 
45 illustrate a good match between coal contract data and the market 
pcpulation forecasts.
Sumnary. The model is doing fairly well at predicting overall 
utility ooal choices. Hcwever, there is siJiply a large area in the 
Midwest vhich is sensitive to various modeling assumptions and 
unfortunately this area also has a sizeable population which causes the 
NGP ooal forecast to vary with the sensitivity of the Illinois:NOP 
boundary. The states of Texas, Louisiana, and Indiana are consistently 
out of the new plant NGP market area and are expected to contract for 
other coals in the future. The ooal by wire contract data reflect a 
hiÿar NGP percent share in WA and OR than the model forecasts. This 
Washington-Oregon forecast may be sensitive to the minable reserve base 
in the South Wyoming coal region and various social concerns associated 
with mine-mouth generation and high-voltage transmission of 
electricity. In addition, BPA's actions may have iupacted the real 
cost of hig^ voltage transmission in the Northwest.
The total number of new and "firm" proposed NGP megawatts in 1990 
is 49,292. Assigning a 10,500 Btu/MVhr heat rate, 8660 Btu/lb NGP heat 
content, and a 65% capacity factor, 170 million tons per year of NGP 
coal would be required to fuel 49,292 NW of new and "firm" proposed
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power plants in 1990. The 170 nrty excludes the pre 1976 plants and any 
spot market or industrial coal.
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CHAPTER VI 
CONCLUSIONS
The vast reserves of strippable low sulfur ooal in the NGP states 
of Montana, Wyoning, and North Dakota have undergone rapid develogment 
due to the expanding utility steam-coal market. The expanding utility 
market is due in part from rising and uncertain world oil prices and 
forecasts of significant growth in electricity consunption. NCT*’s low 
production costs enable it to compete over a large geographical market 
area. Between 1970 and 1979 NGP accounted for approximately 50% of 
U.S. incremental coal production.
During the 1970’s NGP coal was competing successfully in 
traditionally Illinois coal markets. There was unrest among the 
powerful underground mining unions and the EPA had established a 1.21 
lb SOg emission limit for new coal-fired power plants. Uider the 1.2 
lb NSPS, much of the low-sulfur NGP coal could be burned without 
expensive PGD equipment. Both concerns, underground mining costs and 
the expense of PGD equipment, caused utilities to shy away from high- 
sulfur underground coal supplies.
Now, ten year later, ooal choices are being evaluated based on the 
1979 RNSPS and the prospect of increasing railroad rates. The air 
pollution control cost uncertainty has shifted to the rapidly 
escalating railroad rates, vhile future underground labor costs still 
remain an unkrx̂ wn. These two current uncertainties result in some 
"net" trade-off between uncertain transportation costs for long haul 
N3P coal and uncertain labor costs for underground coal.
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In view of these parameter changes, a major effort was undertaken 
to define the current NGP market area for new coal-fired power plants. 
Because air pollution oontrol costs have been a major market factor in 
the past, this thesis develops in detail air pollution ocntrol policy, 
PGD technology and PGD costs to assess their inpact on the market for 
NGP coal. A ocnpletely bound domestic NGP market area is defined and 
its s^isitivity to various market factors have been tested.
The analytical ^proaoh used derives from the theory of spatial 
markets as described by Hyson and Hyson (1950) and applied to coal use 
by Watson (1972), MUCDS (1976), and Campbell and Hwang (1978). The 
theory of spatial madcets is applicable to ooeil because of regional PCB 
mine price differentials and high transportation costs per unit of 
value. Total generating costs are used in this analysis so that all 
the cost differences associated with using a specific coal are 
captured. Total generating costs include coal specific costs for PCB 
mine price, power plant costs, pollution control costs, and regional 
transportation rates. The NGP coal supply region was oorpared against 
seven conpeting ooal supply centers delivering ooal to the same market 
states.
To standardize the analysis, the utility ooal choice was modeled 
assumirg a 500 MW boiler. This is close to the actual average of 511 
for boilers on order from 1980-1995. A 65% life-time capacity 
factor was dhoser and a real fixed charge rate of 7.4% (calculated with 
tax preference) was used. All annual costs subject to real escalation 
(over and above inflation) were levelized at the real weighted cost of 
capital for the utility industry of 3.77%. The capital costs of new
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capacity was varied by region and with the Btu content of the ooal. 
For exanple, subbitumincxis ca$)ital costs average $70/kW nore than 
bituminous, and lignite is $58/Wtf more than subbitumincxis (1980 
dollars). Goal-specific heat rates (Btu/kWhr) were also used in the 
model (see Chapter IV).
SOjg emissions from a coal-fired power plant can be regulated at 
various political levels - Federal, State or local and by any of three 
different air quality programs - National Ambient Air Quality Standards 
(NAAQS), New Source Performance Standards (NSPS), or Prevmtion of 
Significant Deterioration (PSD). The nations air pollution control 
strategy combines a goal-oriented approach (NAAQS) with a techrology- 
based approach (NSPS) to protect public health and welfare. Emission 
control standards have cost utilities millions of dollars (equipment 
and attorney's) and often altered siting and fuel choices.
A review of national SOg control policy found that the 1979 RNSPS 
significantly increased the PGD costs for NGP coal. Hcwever, the 1979 
RNSPS also narrowed the wide range of scrubbing requirements vhich had 
developed at the state level due to different interpretations of best 
available control technology. A review of state level control policy 
indicated that Western states were requiring high SÔ  removal 
efficiencies on new coal-fired plants using low-sulfur coal through the 
BACT requirements in the PSD program. On the other hand, most 
Midwestern high-sulfur coal states have interpreted the BACT 
requirement to equal the NSPS (see Chapter II).
Four air pollution control policy scenarios were used to assess 
the inpact of PGD policy on the market for NGP coal. The review of
158
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
State level air pollution oontrol policy concluded that most Western 
states are requiring 90% scrubbing on low-sulfur ooals for PSD and 
visibility concerns. Accordingly, the "Base Case" scenario was 90% SÔ  
removal in western states and RNSPS elsev̂ here. The "Low Case" SÔ  
policy was assuned to be enforcement of only the RNSPS in all states 
and the "High Case" policy was 90% SĜ  removal in all states (including 
low-sulfur ooals burned in the Midwest). The fourth scenario examined 
was 0.8 lb SÔ /10̂  Btu emission ceiling since it was one of the Reagan 
Administration's potential revisions of current policy.
Chapter III eaqplored the current status of SÔ  oontrol technology 
and PGD costs. Ihe technology forcing RNSPS set by EPA require a high 
percentage of SOg removal that can only be met by PGD or a ocmbination 
of PGD and ooal cleaning. The design and operation of first-generation 
FGD systems has resulted in considerable improvements in the 
reliability and efficiency of new systems. Costs per pound of SÔ  
removed have decreased but overall system costs are higher due to the 
increased stringency of new standards.
The PGD costs used in defining the NGP market area are a function 
of ooal quality (lbs SOg/lÔ  Btu) and SÔ  control policy. Low-sulfur 
ooals still maintain a cost advantage under the 1979 NSPS since only 
part of the flue gas needs to be scrubbed and the remainder can be used 
for reheat. In addition, chewier dry scrubbing technology can be used 
and waste disposal costs are lower. A review of PGD cost studies found 
■the relative difference between low-sulfur ooal and high-sulfur ooal 
PGD costs to be fairly consistent. The absolute values varied scmevhat 
between oonparative studies but this was due primarily to minor
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differences in costing and design assLitptions.
The Base Case PGD costs for tiie NGP:IL boundary in 1980 dbllars 
(not levelized) are: NGP Capital = $46.9/kW and o & M = 2.05
mills/kWhr vtdle XL capital = $136/kW and O & M 3.23 mills/kWhr. 
Illinois faces an increased capital cost of $90/kW and O & M costs of 
1.17 mills/kWhr. However, this large PGD cost difference is offset 
somewhat by lower overall bituminous coal plant costs due to the higher 
heat content of the XL coal. The major cost advantage to NGP coal vis- 
a-vis Illinois coal is now largely in FOB price ($8.80 versus $21.00 
per ton, or $.55 versus $.93 per million Btu for the Base Case).
The models sensitivity to a number of irput parameters was tested 
for comparison to PGD policy sensitivity. The parameters assessed 
included: FOB mine price, transportation costs, utility fixed charge
rate, and plausible real escalation rates for all cost parameters (see 
Table 40, Chapter XV).
The results of the 1980 Base Case scenario are shown in Figure 5. 
The results show NGP coal being competitive in 18 states: WA, OR, XD,
MT, Wy, 00, ND, SO, ME, KS, OK, AK, MO, lA, XL, MX, MX, and MN. Four 
states vhich currently receive utility NGP coal, Texas, Louisiana, 
Indiana and Chio, fall outside the predicted market as defined for a 
new power plant meeting the RNSPS and expecting real increases In 
transportation costs. The results indicate that the 1980 new plant 
market area is smaller than the old 1.2 lb SÔ  market area of the 
1970's.
The FGD sensitivity analysis is shown in Figures 6 and 7. Western 
and Southern NGP market areas are not sensitive to FED policy
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assumptions. The siitple reason these markets are not sensitive is that 
the ocnpeting coals have scrubbing costs similar to NGP, The XL market 
boundary, however, is sensitive to FGD policy assunptions. In the hi^ 
PGD scenario, NGP loses market area due to more expensive wet scrubbing 
being required to achieve 90% SOj removal on NGP coal. The cheaper dry 
scrubbing option is no longer viable. Arkansas falls outside the 1980 
High PGD market as does most of Illinois and Michigan. The 1980 Hi^ 
PGD geographical market area loss does not result in a correspcnding 
major loss in coal demand since no major population centers are lost 
(the key population centers are already East of the 1980 Base Case 
Illinois boundary). If a uniform 0.8 lb SÔ  emission ceiling is 
assumed in 1990, NGP gains market share in the densely populated areas 
of the Midwest (in terms of the 1990 Base Case). The 1990 0.8 lb 
market boundary is almost the same area as the 1980 Base Case. If a
0.8 lb SOg ceiling was inplemented in 1990, it would offset the 
predicted market loss from higher transportation costs.
The non-PGD parameter sensitivity analysis resulted in several 
significant findings. One of the major findings is that the NGP market 
is forecast to steadily shrink due to rising transportation costs (see 
Figure 13, Chapter V). The increase in real rail rates dominates Ihe 
increase in underground mining costs to the detriment of the NGP 
market. By 1990, Oregon and Illinois fall out of the NGP market and by 
2000, the market shrinks to 12 states, losing Washington, Idaho, 
Oklahoma, and Arkansas. When the Hi^ escalation rate case is examined 
(Hi^ 1980, 1990, 2000), the NGP market is fairly stable due to
increased labor costs matching increased rail rates. The market
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sensitivity to 1980 price assumptions for NGP FOB mine price and 
transportation costs is shown in Figures 8 and 9- The sensitivity is 
similar to that seen for PGD in the Midwest and real price escalation 
rates in the West and South. The hiĉ i and low NGP FOB mine price 
assumption results in the largest market uncertainty. The low NGP 
price scenario is the only 1980 scenario vdnich indicates NGP may be 
competitive in Texas and Louisiana.
Figure 14 illustrates quite plainly that there is simply a 
substantial zone of market uncertainty. Within this zcxie of 
uncertainty utility coal choices beocme more site specific. For
example, what are the true rail miles from the competing supply
centers, is a water route available, is there excess capacity in the
local power grid, does the utility own any nearby coal reserves, is a 
new mine offering excellent prices so it can develop a new coal lease, 
does the state Public Utilities Commission look favorably on Importing 
out-of-state coal, or does the utility have experience with PGD
systems. Many compounding factors can ccrnie into play when there are 
minor cost differences between alternative coal supply centers.
NGP coal forecasts for the Lew-High market ranges by year are 
1990: 137-166 raty; 2000: 159-288 mty; and, 2010: 174-379 mty. The
full project report should be consulted for the details related to 
assumptions for electric consumption growth rates and inter-fuel 
substitution (Duffield, et al 1982). Ihe above coal forecasts assume 
the project Base Case scenarios for electric growth and inter-fuel 
substitution. The substantial range in forecast coal demand is due 
only to the uncertainty in the real escalation rates for the market
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model parameters. The uncertainty in parameter cost leads to a range 
of plausible NGP market areas. The market area is tied to coal demand 
through the models state population share estimates.
Ihe analysis of major NGP market population states showed that 
Illinois, Michigan and Washington are key swing states. Ihe location 
of major population centers in the NGP market band of indifference 
creates the wide range in coal forecasts. The forecast is less 
sensitive to assumptions vhich cause a decrease in the current NGP 
market than to assumptions which cause an increase in the market. The 
model forecasts a small decrease in market area population when 
comparing Base 1980 with Low 1980 - from 26.0 million to 22.9 million. 
On the other hand, then Base 1980 is compared with High 1980, an 85% 
market population increase occurs - from 26.0 million to 48.1 million. 
A market increase results in NGP penetrating the Chicago, Detroit and 
Seattle markets.
The last section of Chapter V compares the predicted 1980 Base 
Case market with actual contract shares for three different generations 
of plants. An unambiguous test of the model is difficult because there 
is no clear-cut age distribution of plants due to slippage in on-line 
dates. The states have been classified in Table 45 as to Whether the 
model predicts they are out of the 1980 Base area market (IN, LA, TX), 
bisected by the market boundary (AR, 00, ID, IL, MI, MO, OK, OR, WA, 
WY), or entirely in the 1980 Base market (lA, KS, MN, MT, NE, ND, SD, 
WI). The plant generation classes in Table 45 are 1976-1980 new 
plants, 1981-1990 proposed plants, and 1976-1990 strict SÔ  control.
Since the 1980 model prediction is based on the RNSPS, the best
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(Xjrrespondence between the predicted share and the actual contract 
share should be tbe ”1976-1990 strict SOg ” plant class. These are new 
plants actually being built to meet RNSPS or PSD plants built earlier 
that were required by state SIPs to meet rouĝ ily equally stringent 
standards. Similarly, the fit to 1981-1990 plants (vhich will include 
plants coming in under the old NSPS of 1.2 lbs SOg/lCf Btu) should be 
worse, yet better than the fit to 1976-1980 plants. The model results 
are rouÿily consistent with this hypothesis. The share for plants 
predicted to be outside the market drops to zero with the RNSPS plants. 
Similarly, the MSP gets 95% to 100% of tee local share for states 
predicted to be entirely within the market. The fit is less convincing 
for the bisected states but the trend fits. One problem with the data 
fit is that the early PSD plants m ^  not have &xpect&â high rail 
increases.
The model is predicting fairly consistent overall utility coal 
choices. However, there is a sizeable population in the Midwest vhich 
is sensitive to modeling assunptions (Chicago and Detroit). The 
forecast population shares for the Pacific Northwest are substantially 
less than contract teares derived from coal-by-wire data. It appears 
as if ooal-by-wire has expanded the market beyond the coal-by-rail 
forecast, however, BPA's historical influence in power generation and 
transmission may have altered true utility costs. The Pacific 
Northwest market can draw from several coal centers and may always be a 
major area of market indifference.
The overall conclusion of this research is that the market for NGP 
coal is presently no more sensitive to plausible air pollution control
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policy than it is to plausible levels of change in mining labor and 
rail costs. The Western and Southern boundaries of the market area are 
not at all sensitive to PGD policy because the competing coals have PGD 
costs similar to NGP coal. The Illinois boundary remains fairly 
sensitive to PGD policy due to the cost difference in scrubbing low 
sulfur and hig^ sulfur coal. However, the range of PGD uncertainty is 
not nearly as large as it was in the mid-1970's. The RNSPS have 
narrowed the gap of control options and PGD technology is no longer in 
its infancy. A major finding of this analysis is -that large real 
increases in underground mining wages and railroad rates are equally, 
if not more significant than politically acceptable changes in FGD 
policy.
Future market analysis should refine key model parameters 
determining the NGP market boundary in the key population centers of 
Chicago, Detroit, Denver and Seattle.
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APPENDIX A
Hie NGP Coal Market Model: 
Ecxanoroic and Mathematical Structure
The following text has been taken directly from Duf field, et al, 
1982. It was written jointly by Brad Harr and Michael Lee for the 
market chapter of the full project document: Projections of Coal
Demand from the Northern Great Plains Through the Year 2010 (Duffield, 
et al, 1982).
The NGP coal market model generates a boundary between the NGP 
coal supply region and each of seven "other" coal supply regions. The 
analytical methodology required to construct one such curve is reviewed 
in the following five step algorithm (the ccrrputer code iterates 
through these five steps seven times, once for each boundary).
I. First, the quantity of coal required for the annual operation 
of a "model" ooal-fired electric generating plant is ccnputer. This 
calculation is performed twice, once for NGP coal (i = 1) and once for 
coal from one of the "other" Non-NGP coal supply regions (i = 2, 7). 
The equatiœ is as follows:
(1) TonSi = (MW X T X 1000 x im^) / (HĈ  x 2000) vhere,
i = the subscript identifying a coal supply region;
Tonŝ  = the quantity of coal, in tons, from source "i"
required for the annual operation of a coal-fired 
pcwerplant of size MW;
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NW = the generating capacity of the powerplant in megawatts;
T = the équivalant number of hours per year that a power- 
plant operates at full capacity;
= the heat rate of a powerplant using coal from source 
"i'% in Btu/kWhr; and
HĈ  = the heat content of coal from source "i" in Btu/pound.
II. With the coal tonnage estimates from equation (1), both 
annual fuel costs and fixed transportation costs are computed by means 
of equation (2) below. Although total variable transportation costs 
appear in this equation, they are not actually computed until all 
production and coital costs are known:
(2) F Costi = (C3>i + FTCi + (VTCi x DIST̂  )) x Tonŝ  where,
i and TOnŝ  are as defined earlier;
F Cost̂  = the sum of fixed and variable transportation 
costs, and production costs;
CP̂  = coal prices in dollars per ton;
FTĈ  = fixed transportation costs in dollars per ton;
VTĈ  = variable transportation costs in dollars per ton 
per air mile; and
DIST̂  = the distance, as the crow flies, from each coal
supply region "i" to the point on the straight line 
connecting the two supply regiœs that intersects the 
market boundary.
III. Equation (3) computes the annualized costs, both capital and 
operating, for the powerplant and includes both the base plant costs 
and sulfur dicod.de costs ( P Oost̂  ). This calculation is specific to a 
ooal-fired generating plant using coal from source "i":
(3) P Oosti = (K ODSt̂  X 1000 X MW X Ratê  ) = (OP̂  x 1000 x W  x
T) vhere,
K Oostĵ  = capital costs in $/KW;
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Ratê  = rate of annualization of K Cost;
OP̂  = additional operating costs in S/KWHR; and
T and i are as defined earlier.
IV. Equation (4) conçûtes the total cost (TOTCOST̂  ) of burning
coal from source "i" at distance "DIST, " from the coal supply source:
(4) TOTOOSTi = ((F Oosti = P Cost) + (vrĉ  x Tonŝ  ) x DIST. )
where, all variables are defined as above. Alternately, equation
(4) equals:
(5) TOTCJOST̂  = â  + bi DIST̂
vhere,
â  = CPj. + FTĈ  + P Cost̂  and
b^ = VTCĵ  X  Tonŝ
At the market boundary TOTOOST = TOTOOST noh-ngp therefore,
DISTĵ can be computed using equations (6) and (7):
(6) TOTOOSTl = â  + bi X DIST̂  and
(7) TOTQOST2 = ag + b g  X  (DISTAB - DISTi )
vhere DIST̂  equals the straight-line distance from the NGP coal 
supply center to the point of intersection with the market boundary; 
DISTg on the other hand (DISTAB - DIST̂  ) is the corresponding distance 
but with reference to the Non-NGP coal supply region. The sum of DIST̂  
and DISTg equals DISTAB, the straicfit-line distance from the NGP coal 
supply region to the Non-NGP coal supply region (DISTAB is summarized 
in Table A-1).
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ÏWBLE A-1. Seven Alternative Coal Supply Regions Included in the NGP Coal Market Model.
Coal Coal Suçply Center
Graphical
Coordinates
X V
Air Miles from 
Gillette
Powder River Gillette, W7 0 0 0 N/A
Washington Centralia, WA -810 331 875 158
Green River Superior, WY -197 -154 250 218
Green River Hayden, CO -102 -258 278 248
Uinta tftjntington, UT -333 -307 453 223
San Juan Farmington, NM -208 -511 552 248
Texas Ehiory, TX 482 -832 961 300
Midwest Centralia, IL 847 -423 947 334
1. As an example, angle for Centralia, Illinois was computed as the 
inverse cosine of the "y" coordinate (-423) divided by the air 
miles from Gillette (947), the result added to 270 degrees.
Solving equation (6) and (7) above gœerates only one pair of 
coordinates on the market boundary; it remains to compute a sufficient 
number of additicnal coordinates to delineate a market boundary between 
the two supply regions.
Several different mathematical approaches exist to compute the 
locus of points that make ip the market boundary. The choice of a 
solution is determined by the degree of the polynomial equation in (6) 
and (7) above. Campbell and Hwang (1978) use the Newtan-Raphson 
solution algorithm which is discussed in texts on numerical analysis 
(see for example, Pollard, 1977; Blum, 1972). Their choice is a 
consequence of the quadratic specification of equations ( 6 ) and ( 7 )
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above in their work. As the specification of equations (6) and (7) in 
this stu^ is linear, a straight forward algetnraic solution exists to 
derive the locus of points that make up the market boundary. The 
linear solution used in this studÿ is as follows:
Equation (6) and (7) can be set equal:
(A-1) â  + bi DISTĵ  = â  + 2 DIST̂  and
solving for DIST̂  results in:
(A-2) DISTi = ( 8 2  - %  ) + bg DISTg
With equation A-2, the variable DIST̂  can be incremented by seme 
distance 'j* (10 miles was used in this study) and DIST̂  
computed.
Equations for DISTĵ  and DISTj can be stated:
(A-3) DISTi = + y .2
(A-4) DISTg = (H - )2 + Ŷ 2
Subtracting equation A-4 from A-3 and solving for 'X' results in:
(A-5) jq = d̂ 2 _ + h2
2H
and finally an equation for 'Y' equals:
(A-6)
This solution (equations A-1 through A-6) is specific to cases 
vhere the market boundary intersects the straight line 
connecting two supply regions.
Each market boundary is initially computed in the first and fourth 
quadrants. "New" coordinates (vectors) for each point on the market 
boundary are computed by rotating the standard base coordinates by "O" 
degrees (see Figure A-2 and Table A-1) using equation (8):
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(8) Xoi ODS Oi - Sin 0̂
Yoi Sin Oi + COS Oi +
where, the and Ŷ  coordinates correspond with Figure A-1; and the 
and Yqĵ coordinates with Figure A-2.
Finally, by iterating through equations 1-8 for each of the seven 
alternate coal scçply regions, a cxarpletely bounded domestic NGP coal 
market region is described.
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Figure A-1: Model Solution - Oiadrants l and IV
Market BoundaryConvex to the NGP—  Center
DISTi (  DISTg
0, 0 \ W .  0Gillette \ ILLINOIS
DISTAB , 0 
2
Figure A-2: Model Solution Rotation to True Coordinates
Y
Gilett«
Centralia.ILLINOIS
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APPENDIX B
CALCULATION FOR A UTILITY REAL FIXED CHARGE RATE
The le v e liz e d  annu al f ix e d  charge r a te  is  a fu n c tio n  o f the tim e period  
over which th e  power p la n t  co st is  d is t r ib u t e d ,  the  cost o f money (a ls o  re fe r re d  
to as the d isc o u n t r a t e ) ,  d e p r e c ia t io n , ta x e s , and insurance  (EPR I, 1979; FERC, 
1980). As b r i e f l y  d iscussed in  the  t e x t ,  the  f ix e d  charge r a te  is  c a lc u la te d  
so th a t when i t  is  m u lt ip l ie d  by th e  o r ig in a l  c a p i t a l  in ves tm en t, i t  y ie ld s  
a le v e liz e d  annual revenue re q u ire m e n t, which when summed over the p r o je c t 's  
l i fe t im e  equals the  p re s e n t w o rth  o f the  in v e s tm e n t.
There is  some debate as to  what the c o r re c t  f ix e d  charge r a te  is  fo r  a 
regulated u t i l i t y ,  and th e re  is  no s im p le  answer. One argument is  th a t  s ince  
the u t i l i t y  in d u s try  is  re g u la te d  by s ta te  and fe d e r a l  governments, the ra te  
should be th a t  o f th e  consumer. The consum er's f ix e d  charge r a te ,  however, v a r ie s  
from a savings account low to  a c r e d i t  card  in t e r e s t  r a te  high (IC F , 1 9 7 9 ).
In  any case , u t i l i t i e s  a re  c u r r e n t ly  re g u la te d  and the a p p ro p ria te  f ix e d  
charge ra te  should be th a t  a llo w e d  by th e  re g u la t in g  commissions. The f ix e d  
charge r a te  v a r ie s  from  u t i l i t y  to  u t i l i t y ,  depending on c a p ita l  s tru c tu re , ta x  
preferences, debt c o s t , p la n t  re t ire m e n t  d is p e rs io n , and allow ed accounting  
procedures. In  a d d it io n ,  re c e n t (1 9 80 ) changes in  fe d e r a l ta x  law s, which a llo w  
fo r a fa s te r  r a te  o f d e p r e c ia t io n , confuse the  issu e  o f a c o rre c t f ix e d  charge  
ra te  (A p p le g rin , 1 9 8 1 ) .
A p re c is e  r a te  could be c a lc u la te d  fo r  an in d iv id u a l  u t i l i t y  i f  a l l  the  
correct in fo rm a tio n  were a v a i la b le  ( i . e . ,  c a p i t a l  s t r u c tu r e ,  tax  p re fe re n c e s , 
e tc .)  (Jeynes, 1 9 6 8 ). However, g iv e n  th a t  th is  a n a ly s is  is  fo r  a g en era l u t i l i t y  
(anywhere in  the 2 1 -s ta te  m arket a r e a ) ,  comparing s im ila r  p ro je c ts  ( i . e . ,  co a l 
supply c h o ic e s ), the  r e s u lts  a re  n o t s e n s it iv e  to  th e  assumed f ix e d  charge r a te .
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In studies where the economic comparisons include different fuel types 
for power generation, such as hydro, oil, gas, nuclear and coal, the results 
are more sensitive to the capital charge rate because the alternatives have 
different capital and variable costs mixes and different operating lifetimes.
The following sections develop the real fixed charge rate used in this 
analysis. The procedure is derived from EPRI, 1979 and applies only in the 
general case and should not be assumed for a specific utility. Inflation is 
not included because it is not included in the fuel and 0 & M costs. The 
assumed financial parameters are listed in Table B-1. They are considered 
to be representative of the long-term conditions for the utility industry.
Table B-1
Economic Assumptions for Estimating a Regulated Utility Fixed Charge Rate
Debt ratio 30$Debt Cost2 8$Preferred stock ratio 15$Preferred stock cost^ 8.5$Common stock ratio 35$Common stock cost2 13.5$Federal & state income tax rate 50$Property taxes & insurance3 2$Investment tax credit 10$
1. source; EPRI, 1979; page 3-14,2. Assumes (Sfo inflation.
3. Assumes no inflation.
The levelized annual fixed charge rate is computed as follows:
Levelized annual fixed charge rate = weighted cost of capital
+ sinking fund depreciation*
+ levelized annual income tax 
+ property taxes and insurance 
- tax preference allowances
* The allowance for retirement dispersion is considered 
negligable in this analysis.
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The components of the real capital charge rate are estimated as follows;
Weighted Cost of Capital
The weighted cost of capital or discount rate is calculated "by the
following equation:
Weighted cost of capital = fdeht ratio X debt cost)
+ (preferred stock ratio X preferred stock cost) + (common stock ratio X common stock cost)
A nominal weighted cost of capital varies over time according to the preceived
inflation rate, where as the real cost of capital is much more stable over the
long run (Roberts, S.M., et al., I98O). A 3*77% real weighted cost of
capital is estimated in Table B-2 based on the deflated EPRI values in Table B-1.
Table B-2
Long-term Real Utility Weighted Cost of Capital
(Percent)
Capital Component 
Long-term debt 
Preferred stock 
Common stock
Ratio
.50
.15
.35
Real Cost
1.887
2.358
7.075
Weighted Cost
.943
.354
2.476
real weighted cost of capital 3*773%
a, real cost = (1 + nominal) / (1 + inflation) - 1} where the assumed
inflation rate in Table b-1 was (>%.
D epreciation
A sinking fund factor is used for estimating depreciation. Its use
provides a fund at the end of the book life equal to the original capital
investment. The equation is as follows:
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Sinking fund factor (SFF) = WCC
(l + WCC)n - 1where: N = book life
WCC = weighted cost of capital (decimal)
For a 30 year book life and a 3-77^ weighted cost of capital, the sinking fund
factor equals 1.85%* In a detailed analysis, a small retirement dispersion
allowance would be added to the sinking fund factor, however, for this analysis
it is considered negligible.
Levelized Annual Income Tax
The equation for calculating a levelized income tax is:
Levelized income tax = (CRF̂  +AIR - SID)
X 1 - debt ratio X debt cost
X
WCC 
ITR
ITR
where: CRF, = capital recovery factor book life
(CRF = WCC +SFF)
AIR = allowance for retire dispersion 
(equal to 0 in this analysis)
SID = straight line depreciation 
(1 $ book life)
WCC = weight cost of capital
ITR = income tax rate
The levelized annual income tax rate is 1.71% when assuming a 5*62% capital
recovery factor, 3«3% straight line depreciation, .50 debt ratio, 1.89% debt 
cost and a 50% income tax rate.
Property taxes and insurance
Property taxes and insurance vary from state to state with a range of 
1% to EPRI, 1979, suggests using a combined cost of 2% for the general
case. The 2% estimate does not include inflation.
Tax Preference Allowances
Accelerated depreciation and investment tax credits are income tax preference
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allowances designed to encourage investment. On a levelized basis they result 
in a credit in the fixed charge rate. Various accounting methods exist for 
calculating tax preference allowances.
Levelized accelerated depreciation. The normalization method is used here in 
conjunction with the sum-of-the-year digits methods for calculating accelerated 
depreciation. The normalization method is preferred by the utility industry 
and its use has been ordered by the Federal Energy Regulatory Commission,
(FERC, 1981 a*) although enforcement has been delayed to consider rehearing 
requests (FERC, 1981 b.). The calculation for levelized acceleration deprecia­
tion is as follows:
Accelerated tax depreciation = 2 CRF^ (n )
n (n + l) (wCC) 
where: n = tax life (2/3 book life)
CRF̂  = capital recovery factor for tax life
Levelized accelerated tax depreciation = (ATD - SLD)
(normalization accounting)
„ X TTR X  debt ratio x debt costX 1 ---------- ^
X ITR
1 - ITR
where: ATD = accelerated tax depreciation ( 4.33̂ )
For a 50% tax rate, 30 year book life, 20 year tax life, 3'77% weighted cost 
of capital, 5 *62% capital recovery factor (book life) and 7*21% capital 
recovery factor (tax life), the levelized accelerated tax depreciation credit 
is 0.89%.
Levelized investment tax credit. The levelized investment tax credit is
calculated as follows:
Levelized investment tax = ITCfl
(Normalization accounting) 1 - ITR
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V 1 CRFb - ^ITR X  debt ratio x debt cost) fCRPn l\ I
 ̂ I_l + WCC I  WCC 7 - WCC - N/J
where: ITCR = Investment tax credit rate
Using a 10̂  investment tax credit, 50^ Income tax rate, .50 debt ratio,
1.89^ debt cost, 30 year book life 5.62% capital recovery factor and a 
3.77% weighted cost of capital, the equation yields a 1.03% levelized 
investment tax credit.
The estimated capital charge rate components are summarized in Table B-3  
below, with and without, tax preference allowances.
Table B-3
Real Levelized Utility Fixed Charge Rate 
Component______________  ?
Weighted cost of capital 3*77
Depreciation (sinking fund) 1.85
Insurance and property taxes 2.00
Levelized income tax 1.71
Levelized investment tax credit (I.03)
Levelized accelerated depreciation factor (0.89)
Total: with tax preferences 7.41
without tax preferences 9*33
In this analysis, it is assummed that utilities will always receive some 
form of tax credit and therefore, the 7.41% value is used to levelize power 
plant capital costs.
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APPEM>IX C
INPUT DATA MATRICES PGR ALTERNATIVE NGP MARKET MODEL COST SCENARIOS
Tables C-1 to C-16 oontain the data used to generate the various 
NGP market areas. Each column contains the data for generating an NGP: 
Non-NGP maricet boundary* The columns are identified as follows: 1 =
NGPrOO, 2 = NGP:IL, 3 = NGPibM, 4 = N3P:TX, 5 = NGP:UT, 6 = NGPtWA, and 
7 = NQPrSWY. Each line of data corresponds to a coal specific ir^t 
variable. The variables are defined below, vhere A = NGP coal and B = 
the column specific Non-NGP coal. All the costs, except power plant 
capital costs, are in real 1980 $ and have been escalated in real terms 
and levelized according to the scenario assunpticns. Power plant 
capital costs are levelized within the model using the fixed charge 
rate specified in line 9. The scenario assunptions are discussed in 
the text.
Coal Supply
Line # Center  Variable Description____
1 A & B Fewer plant size (net MW)
2 A & B Hours operated at full load (hours)
3 A Power plant heat rate (Btu/kWhr)
4 A Coal heat content (Btu/lb)
5 B Power plant heat rate (Btu/KWhr)
6 B Coal heat content (Btu/lb)
7 A Power plant capital cost (S/KW)
8 B Power plant capital cost (S/KW)
9 A & B Fixed charge rate (decimal)
10 A Operating & maintenance costs (mills/KWhr)
11 B Operating & maintenance costs (mills/KWhr)
12 A F.O.B. mine price (S/ton)
13 B F.O.B. mine price (S/ton)
14 A Fixed transportation cost (S/ton)
15 B Fixed transportation cost (S/ton)
16 A Variable transportation costs (S/tcn-air mile)
17 B Variable transportation costs (S/ton-air mile)
18 A & B Straight line distance between A & B (miles)
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APPENDIX D
determining GOAL COSTS FOR COMPETING SUPPLY REGIONS AND 1979 NGP 
deliveries
Introduction
The NGP spatial coal model establishes a market boundary between 
the NGP cx>al supply center and a conpeting coal supply center. A 
conpletely bounded NGP market area can be generated by ccnparing NGP 
ooal with all the coal supply regions successfully conpeting with it. 
To identify the true market area, NGP must be oonpared with each coal 
region it competes. Representative coal prices and quality must be 
developed for each conpeting coal supply region. This ^̂ pendix
summarizes the 1979 origin and destination of NGP coal deliveries to 
electric utilities. The summary data is then used to characterize 
regional coal prices and quality for the market model.
Origin and Destination of NGP Coal— 1979 Electric 
Utility Deliveries
To identify the states using NGP coal and establish a current NGP 
coal share in the NGP market area, a review of 1979 NGP coal deliveries 
to electric utilities was conducted. Numerous sources report U.S. ooal 
production and consunption, but none were disaggregated enough to serve 
as a unique, single data base for this analysis. Reported coal 
tonnages vary scmevhat by source, but the main problem with existing 
data is the aggregation of Wyoming's three coal producing regions into 
a single region (Bureau of Mine's District 19), so that Powder River 
production cannot be distinguished. In addition, consunption data are
188
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usually reported by state or power plant and not given for individual
power plant units. Without unit specific consunption data, it is
difficult to distinguish, in cases where a plant is receiving itore than 
one type of coal, whether the coals are being blended or used
ŝ >arately in different units.
After reviewing existing data sources, the data fron the FERC Form 
423 was selected as the most appropriate for this stud̂ . The FERC data 
have been modified slightly in some instances so that mine sources 
could be matched with specific power plant deliveries. Wyoming Powder 
River coal production was extracted from total Wyoming production by 
using ooal contract data and mine source information from Gary Glass, 
Wyoming Coal Production and Summary of Goal Oontracts (Glass G.B., 
1980) and John Green, The Interregional Ooal Analysis Model (Green J., 
1980). Montana mine source information derives from unpublished data 
from the Montana Department of Natural Resources and Conservation
(MDNRC, 1980), vhile North Dakota mine source data are primarily from a 
Ooal Age article, "New Hbrizcn Looms for Lignite, " by Jackson and 
Smith, 1981 (Jackson D. and L. Smith, 1981).
Several short falls acconpany the use of the FERC Form 423 data. 
Ihe ooal data are given in weighted averages for power plants, making 
it difficult to distingui^ deliveries from specific mines and the data 
are for coal deliveries and not consunption. In most cases, delivery 
data are not a problem because utilities usually maintain a fairly 
constant flow of coal consunption; however, seme discrepancies may 
occur if ooal is being stockpiled. For example, ooal may be stockpiled 
'«hen a new plant is coming on line, but not yet operating, or vhen a
189
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utility is anticipating a future supply disruption. Given that 1979 
was a fairly typical year, it is assumed that ooal deliveries were 
directly related to consumption.
Table D-1 lists the NGP coal mines vAiich were operating in 1979. 
Ihe operating and parent ocnpanies are given in addition to the total 
1979 production tonnage. Total production for the NGP region was 96.0 
million tons (mt). Production was 7.5% by mining companies controlled 
by coal companies (7.2 mt), 23.0% by oil controlled ocnpanies (22.1 
mt), 26.7% by utility controlled ocnpanies (25.7 mt), and 42.8% by 
other type controlling companies. Nonooal mining companies were 
included in the other category. In discussion with NGP coal producers, 
they generally felt that the ooal market is currently soft and that 
coal prices are, and will be in the future, very competitive within the 
NGP producing region.
Althou^ most NGP ooal is used for electric power generation, 
total production does not equal accountable deliveries to utilities 
because of industrial and commercial purchases, stockpiling, and 
incomplete data. Appendix E lists the origin (NGP mine) and 
destination (power plant) of 1979 NGP coal deliveries to electric 
utilities by state. As discussed earlier, FERC 423 was used and 
modified slightly vhen necessary to match specific coal mine and power 
plant deliveries. In addition to listing the coal tannage deliveries, 
^pendix E gives the coal quality, power plant size (M̂J), on Ime date, 
and controlling sulfur dioxide regulations.
190
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Table D-1. 1979 NGP Coal Mines and Production® {1000 tons)
Mining Company Parent Company Mine 1979Production
Montana
Peabody Coal Company Peabody Holding Company, Neumont Mining Com­pany, Williams Companies, Bechtel Corpora­tion, Flour Corporation, Equitable Life Assur ance Society, Boeing Company (other)
Big Sky 2,449
Decker Coal Company Peter Kiewit Sons Company, Northern Energy Resources Company (Pacific Power and Light) (50% other and 50% utility)
Decker 12,987
Western Energy Company Montana Power Oxnpany (utility) Rosebud(Colstrip) 11,702
Westmoreland Resources, Westmoreland Coal Company, Perm Virginia Corporation, Horrlson-Knudsen Company (other) Abaaloka (Sharpy Creek) 4,928
Knife River Coal Mining Company Montana Dakota Utilities Company (utility) 
North Dakota
Savage
Montanasubtotal
283
32,349
Knife River Coal Min­ing Company Montana Dakota Utilities Company (utility) GascoyneBeulah 2,872 (1978) 1.887 (1978) 4,817 (1979
Falkirk Mining Company North American Coal Corporation (coal Falkirk 1.795
North American Coal Corporation North American Coal Corporation (coal) Indian Head 1,123
Baukol Noonan Incor­porated Baukol Noonan Incorporated (coal) CenterNoonan 3,760490
Consolidation Coal Company Continental Oil Company (oil) VelvaClenharold 3002,815
Husky Industries Husky Oil Company (oil) Mine No. 2 200
Wyoming
North Dakota subtotal 15.320
Amax Amax Incorporated (other) Belle Ayr Eagle Butte 14,9973,733
Carter Mining Exxon Corporation (oil) CaballoRawhide 1,2733,593
Cordero Mining Sun Oil (SUNEDCO) (oil) Cordero 3,833
Kecr-HcCee Kerr-McCce Corporation (other) Clovis Point Jacobs Ranch 2934,681
Thunder Basin Coal Company Atlantic Richfield Company (oil) Black Thunder
6,244
Wyodak Resources Black Hills Power and Light (utility) Wyodak 2,364
Big Horn Coal Company Peter Kiewlt Sons Company (other) Big Horn 3,524
Clenrock Coal Company Northern Energy Resources Company (Pacific Power and Light) (utility)
Dave Johnston
Wyomingsubtotal
3.828
48.363
S«urce: Keystone Coal Industry Manual, 1980, 191
Northern Great Plains total 96,032
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Table D-2 summarizes the 1979 data (î çjendix E) by state of 
destination and N3P state of origin. Total accountable utility 
deliveries amounted to 86.9 million tons or 90% of total NGP 
production. The largest coal share was produced in the Wycmli^ Powder 
River Basin, 46.0 million tons or 53.0% on a percent by weigfit basis. 
Ptontana was the second largest NGP utility coal producer witb 27.8 
million tons from the Powder River Basin and 0.3 million tens from the 
Fort union Basin, totaling 28.1 million tons or 32.4% of the NGP total. 
Of North Dakota lignite, 12.6 million tons (14.5% of NGP) was delivered 
to local utilities in North Dakota, South Dakota, and Minnesota. On a 
Btu percentage basis, the North Dakota share would be somevdiat smaller 
because lignite has a lower heat content per ton. To complete the 
total, a small amount of South Dakota ooal, .168 million tons (0.2% of 
NGP deliveries) was delivered to a utility in North Dakota. On a coal 
region basis, 85% of the 1979 utility coal came from the Powder River 
Basin (73.85 mt), while 15% was lignite mined from the Fort Union Basin 
(13.1 mt).
As shown in Table D-2, NGP coal was delivered to utilities in 18 
states (Arkansas, Colorado, Illinois, Indiana, Iowa, Kansas, Michigan, 
Minnesota, Missouri, Montana, Nebraska, North Dakota, CXrLo, Oklahoma, 
South Dakota, Texas, Wisconsin, and Wyoming). In addition, oontracts 
are known to exist (and some deliveries were made in 1980 and 1981) for 
new power plants in Louisiana and Oregon. Washington, Oregon, and 
Idaho also receive NGP ooal by wire from minemouth coal-fired plants in 
Wÿcming and Montana- Electricity exported from minemouth NGP power 
plants is discussed in more detail later. The destination subtotals
192
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Tàble D-2. Origin and destination of NGP Coal— 1979 Electric Utility 
Deliveries» (1000 tons)
'̂'''>v.„Origin Powder River Fort Union Percent^
Destinât MT WY MT and SD SD Total of NGP
Arkansas — 1,557 — — 1,557 1.8
Colorado - 2,734 — - 2,734 3.1
Illinois 4,107 2,570 - - 6,677 7.7
Indiana 813 610 - - 1,423 1.6
Iowa 180 5,631 - - 5,811 6.7
Kansas 6 5,087 - - 5,093 5.9
Michigan 3,727 - - - 3,727 4.3
Minnesota 11,451 — - 699 12,150 14.0
Missouri - 962 - - 962 1.1
Montana*̂ 3,207 - 304 (MT) — 3,511 4.0
Nebraskâ - 2,088 - - 2,088 2.4
North Dakota^ 3 - 168 (SD) 9,430 9,601 11.0
Ohio - 3,648 - - 3,648 4.2
Oklahoma - 4,368 - — 4,368 5.0
South Dakota‘S - 260 - 2,477 2,737 3.1
Texas 1,609 8,640 - - 10,249 11.8
Wisconsin 2,719 2,016 - - 4,735 5.4
Wyoming*̂
Subtotals
- 5,861 — 5,861 6.7
NGP states 3,210 6,121 472 11,907 21,710 25.0
Non-NGP states 24,612 39,911 - 699 65,222 75.0
Totals 17,822 46,032 472 12,606 86,932 100.0
“Source: ĵ çpendix E
‘’Percent by vieight; may not equal 100 due to indépendant rounding. 
®NGP coal producing state.
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in Table D-2 show 65.2 mt of N3P ooal (75%) leaving the region while 
21.7 mt (25%) were consumed in "local minemouth" power plants. (The 
term local minemouth refers to those plants in the NGP states (Mcntana, 
North Dakota, South Dakota, and Wyoming) vtiich use NGP ooal. They are 
not all necessarily minemouth, but the shipping distance is relatively 
short. Shipments to nai-NGP states went to utilities as far east as 
ttiio and as far south as Texas. Minnesota received the largest share 
of NGP coal, 12.15 mt or 14%. Most of the Minnesota coal originated in 
Montana, 11.5 rat, vhile a small amount of lignite was shipped from 
North Dakota. Texas was the second largest user of NGP coal at 10.3 mt 
or 11.8% of total NGP deliveries. Wyoming NGP supplies Texas with 8.6 
mt vhile 1.6 mt originated in Montana and was shipped south through 
Wyoming. The third largest user was North Dakota at 9.6 mt or 11.0% 
with all the coal being Dakota lignite burned in local minemouth 
plants.
NGP Ooal Quality
The weighted average heat content for the tonnages listed in Table 
D-2 are shown in Table D-3. The Fort Union lignite ooal averages 
around 6500 Btu/lb vhile the Powder River subbituminous coal varies 
from 9400 Btu/lb to 7800 Btu/lb. The coal which is shipped out of the 
region is generally of better quality than that fcwrned minemouth within 
the region. A weighted average sulfur content was not estimated from 
the quality data in /̂ )pendix E, but the range is roughly from 0.34% to 
1.0%. The higher sulfur coals are not conpliance coal under the 1.2 
NSPS and require partial scrubbing, vhereas the lower sulfur coals are 
conpliance coal.
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NGP Ooal Deliveries by Wire
The complexity of tracing electricity once it enters the power 
grid necessitates the assumption that ooal transported out of the 
region is burned at the demand center. This is an important assumption 
made in the NGP coal forecasting model because NGP's current share of 
ooal-fired generation in a non-NGP state is calculated directly from 
the tonnages delivered to that state. Although somev̂ iat limiting, the 
assumption is not a major source of error v^en forecasting an 
aggregated total NGP coal demand. The assunption would be more 
critical if state level forecasts were to be reported. Given that the 
coal is already being transported, it is reasonable to assume it will 
be consumed near the demand center.
In the case of local NGP minemouth power plants, the above 
assutption does not adequately deal with the issue of coal being 
ejqported as electricity. Table D-4 presents the 1979 consunption and 
generation of electricity in Montana, Wyoming, and North Dakota and 
gives as estimate of the amount of electricity exported from the 
states. According to the estimated export values, over half or 52% of 
the electricity generated in these three states is exported. In 
addition, it is reasonable to assume that most, if not all, of the 
«ported electricity is coal-fired.
For North Dakota and Wyoming it is obvious that coal electricity 
is being exported because ooal generation is greater than total 
consunption. For Montana, however, coal generation is less than 
electricity consunptdon, leading to the possibility that all the coal 
electricity could have been consumed locally, vhile hydroelectricity
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Table D-3. Weighted Average Heat Content for the Tonnages in Table 2̂  ̂
(Btu/lb)
^''\.,Origln Powder River Fort Union
De s t ina t ion”'\^^ MT WY MT and SD SD Total
Arkansas — 8,400 — — 8,400
Colorado - 8,460 — — 8,460
Illinois 9,309 9,377 - - 9,355
Indiana 9,410 9,380 - - 9,397
Iowa 8,627 8,531 - - 8,534
Kansas 8,500 8,392 - - 8,393
Michigan 9,512 — — - 9,512
Minnesota 8,731 - - 7,052 8,634
Missouri - 8,304 - - 8,304
Montana‘S 8,722 - — - 8,529
Nebraska - 8,560 — - 8,560
North Dakota^ 8,583 — 6,500 6,677 6,675
Ohio - 8,150 - - 8,150
Oklahoma - 8,705 - - 8,705
South Dakota^ 8,030 - 6,150 6,329
Texas 9,630 8,594 - - 8,757
Wisconsin 8,684 8,375 - - 8,552
Wyoming^
Subtotals
— 7,805 7,805
NGP states 8,722 7,815 6,500 6,567 7,236
Non-NGP states 9,020 8,557 — 7,052 8,716
Totals 8,986 8,458 6,500 6,594 8,346
“The givei heat cxntœt is a weiĝ ited average of the corresponding 
tonnages in Table D-2.
^The weighted average was calculated from data in ̂ pendix E.
“NGP ooal producing state.
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was eô xMTted. However, Puget Sound Power and Light (Dcnpary, \dTOse only 
service area is in the State of Washington, owns 50% of the electricity 
generated at t±je Oolstrip minemoutii power plant in Montana. It must be 
assumed then, that at least their Montana ooal-fired electricity leaves 
the state, in Montana and North Dakota all the coal generation is from
Table D-4. 1979 Montana, North Dakota, and Wyoming Export of
Electricity (10̂  kwh)
State
Consump t ion^ 
(Total 
Sales)
Coal
Generation^
Total
Generation^
Estimated
total
Export^
Montana 11,066 5,114 15,755 3,582
North Dakota 5,178 11,039 13,878 8,182
Wyoming 6,420 20,861 22,056 14,994
" Source: Edison Electric Institute, 1980. Tables 13, 14, 22; pages
20, 22, 31.
‘’Estimated as Total Generation - (Total Sales x 1.1) = Export, vhere 
1.1 is a multiplier for distribution line loss.
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N3P ooal, vrfiereas in Wÿaning a substantial amount of the coal fired 
generation is fron South Incoming ooal plants.
Having identified the well known fact that a substantial amount of 
MSP ooal is exported from the region by wire, it remains to assign a 
destination to the electricity. The problem is ocnplex and requires a 
substantial amount of data gathering. The following analysis has been 
limited to tracking only the electricity exported to the Pacific 
Northwest, the primary reason being that the rest of the exported 
electricity (all of that from North Dakota with smaller amounts from 
Montana and Wyoming) goes mostly to Minnesota and Nebraska vhich are 
totally within the NGP market area, are currently receiving NGP coal by 
railroad, and are projected to contract for 100% NSP coal in the 
future. The primary consequence of not tracking this east and south 
electricity export is an overestimate of future electricity demand in 
North Dakota, Wyoming, and Montana, with a corresponding underestimate 
in Nebraska and Minnesota. An error of this type will cancel itself 
and not affect the final aggregated NGP coal forecast.
The Pacific Northwest states of Washington, Qregcn, and Idaho are, 
however, swing states on the western NGP market boundary, falling in or 
out of the NGP market area, with minor changes in the market model's 
input parameters. The states currently use coal or coal by wire from 
three coal siçply regions: Washington, South Wyoming, and NGP. Oregon
is the only state currently receiving direct shipments of NGP coal 
(Boardman plant), vhich would have made it the only Pacific Northwest 
state identified as curr^tly contracting for NGP coal in the absence 
of a coal ty wire analysis. If the NGP coal by wire to these swing
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States is not acœunted fear, the NGP ooal forecasting model would 
overforecast NGP coal demand because it then ^spears as though the 
electricity is being demanded within the NGP region. An overestimate 
would result because of an overestimate of Montana and Wyoming 
electricity d^nand without a corresponding underestimate for the 
Northwest states. This issue is not a concern in the Nebraska- 
Minnesota case because these states are always within the NGP market 
area.
NGP ' s current ooal share in the pacific Northwest was determined 
in the following way. First, the coal-fired power plants in 
Washington, Oregon, Idaho, Montana, and Wyoming were identified which 
were vholly owned or partially owned by utilities with service areas in 
Washington, Oregon, or Idaho. See Table D-5 for the identified 
utilities and their service area states and Table D-6 for the 
identified power plants. Next, the best estimate of current generation 
from these plants was made based on ooal tonnages delivered (1979- 
1980), heat content, and plant heat rates. Table D-6 gives the values 
used and the estimated electricity generation. Third, the utilities 
owning the plants were assigned a percentage of the generation based on 
their percent ownership. This generation was then distributed to the 
states served by the utility based on the states' percent of the 
utilities total load. Table D-7 lists the resulting distribution of 
ooal-fired electricity by state, power plant, and utility. NGP's 
share, within a state, was calculated by sinply adding the NGP 
electricity assigned to that state. The resulting NGP ooal share of 
coal—fired electricity in the five states is as follows: Idaho, 5% or
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Table D-5. Service area Load Distribution for Electric Utilities with 
Ownership in Existing or Proposed Coal-Fired Power Plants 
Serving Washington, Oregon, and Idaho
Service Percent
Utility Area of load
Puget Sound Power and Light Company® WA 100.0
Portland General Electric® OR 100.0
Washington Water Power Company^ ID 30.5
MT 1.8
WA 67.7
Pacific Power and Light Company^ CA (other) 3.6
ID 0.9
MT 2.9
OR 53.2
WA 14.7
WY 24.7
Idaho Power Company*̂ ID 95.1OR 4.7
NV (other 0.2
Utah Power and Light Company® UT 84.9ID 11.6
WY 3.5
Montana Power Company^ MT 100.0WY 0.0
Black Hills Power and Light Company^ SD (other) 100.0
Pacific Northwest Generating Company^ OR 50.0WA 50.0
Washington and Oregon small municipals and coops^ OR 50.0WA 50.0
«doe, 1980b, percent based on single state service area.
•’Bussard, L., 1982, percent based cn 1981 load distribution.
“Hatimerquist, P., 1982, percent based on 1985 forecasted load 
distribution.
^Brown, B., 1982, percent based on 1981 load distribution. 
*Dunn, A.R., 1982, percent based on 1981 load distribution. 
*Harr, B.H., 1982a, percent based on best estimate.
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Table D-6. Best Estimate of Current Annual Electricity Generation from 
Coal-Fixed Power Plants Serving the Pacific Northwest: 1979-1980
Power plant 
(State/Plant)
Estimated 
tons burned^ 
(1000 tons)
Coal 
heat content^ 
(BTU/lb)
Plant 
heat rate^ 
(BTU/kwh)
Estimates 
generation‘s 
(10® kwh)
Montana
Colstrip*̂ 2,536 8,730 10,800 4,099
Wyoming
Dave Johnston‘S 3,816 7,720 10,824 5,443
Wyodac*S 1,772 7,947 11,000 2,561
Jim Bridger 5,839 9,353 10,600 10,304
Naughton 2,426 9,694 10,650 4,416
Oregon
Boardman'S 1,070 8,200 10,800 1,625
Washington
Centralia 4,800 8,100 11,038 7,045
35.493
®Best estimate based on DOE, 1980a and DOE, 1981a.
*»Best estimate based cn DOE, 1980c or estimated proportional to other 
plants.
Tons X 2000 x Heat Content (BTU/lb)
^Estimated by kstfi = Heat Rate (BlU/kvAi) •
^NGP coal plants.
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Current 
tot. gen.®
Plant (10* kwh) Utility share of plant® (percent/10* kwh)
States' share of utilities* share of plant*̂ (percent/10*kwh) 
Idaho Montana Oregon Washington Wyoming Other
Côlstrlp** 4,099 Montana Power Company 50/2050 100/2050
Puget Sound Power and Light 50/2050 - - - 100/2050 - -
Johnston*̂ 5,443 Pacific Power and Light Company 100/5443 0.9/49 2.9/158 53.2/2896 14.7/800 24.7/1344 3.6/196
Wyodac** 2,561 Pacific Power and Light Company 80.0/2049 0.9/18 2.9/59 53.2/1090 14.7/301 24.7/ 506 3.6/74
Black Hills Power and Light Company 20.0/512 - - - - - 100/512
Jim Bridget 10,304 Pacific Power and Light Company 67.0/6904 0.9/62 2.9/3673 14.7/1015 24.7/1705 24.7/1705 3.6/249
Idaho Power Company 33.0/3400 95.1/3234 - 4.7/160 - - 0,2/7
Naughton 4,416 Utah Power and Light Company 100/4416 11.6/512 - - - 3.5/15.5 84.9/3745
Boardman̂ 1,625 Portland General Electric Company 800/1300 100/1300 _ _ -
Idaho Power Company 10.0/162 95.1/154 - 4.7/8 — - 0.2/0
Pacific Northwest Generating Company 10.0/162 - - 50.0/81 50.0/81 - -
Centralia 7,045 Pacific Power and Light Company 47.5/3346 0.9/30 2.9/97 53.2/1780 14.7/492 24.7/826 3.6/120
Small municipals and coops 22.5/1585 — — 50.0/793 50.0/793 - -Washington Water Power Company 15.0/1057 30.5/322 1.8/19 - 67.7/715 - -
Seattle Department of Lighting 8.0/564 - - - 100/564 - -
Puget Sound Power and Light 7.0/493 - - - 100/493 - -
Totals
10* kwh 35,493 4,381 2,583 11,781 7,304 4,536 4,907
NGP share
10* kwh 13,728 221 2,267 5,375 3,232 1.850 782
Percent 38.7 5.0 87.8 45.6 44.2 40.8 15.9
Source: Table D-6.
P̂ercent ownership based on DOE, 1981a. Tables 6 and 7, pages 17-284. 
Ŝtates' percent share based on Table D-5.
N̂GP coal-fired plants.
221 10̂  kvvii; Montana, 87.8% or 2267 10̂  kvii; Oregon, 45.6% or 5375 10̂  
kwh; Washington, 44.2% or 3232 10̂ ; V̂ oning, 40.8% or 1850 10̂  kwh.
For forecasting future NGP ooal demand, the NGP coal forecasting 
model requires inputs for current total ooal-fired electricity and NGP 
ooal-fired electricity in the NGP market area states. NGP's share of 
coal electricity within the market area states is a dynamic value, 
changing with time and economic conditions.
Presently, the NGP ooal share is steadily increasing in the states 
vhich are obviously wnthin the market area and more irregular in the 
states lying on the market boundary. If a specific year is selected in 
vhich to estimate the current share (1979 in this analysis), large 
errors can result if large new ooal-fired plants are just ocming on 
line. Given this problem, the current NGP ooal shares were adjusted to 
reflect a best estimate in some states and not the absolute 1979 NGP 
ooal electricity share.
Current values for the coal forecasting model were estimated based 
on the previous analysis of 1979 NGP coal deliveries to utilities and 
the 1979-1980 estimate of NGP coal exported by wire. The results are 
listed in Table D-8. In using the ooal delivery data to estimate NGP's 
electricity share, some of the NGP estimates were greater than actual 
total 1979 ooal-fired generation. In these cases, NGP's share was set 
equal to the 1979 total ooal electricity. The ir^t data used for 
calculating kvh fron tons and the resulting kvh are shown in the top 
half of Table D-8. For the states receiving NGP coal by wire (Idaho, 
Oregon, and Washington) the NGP shares were taken directly from Table 
D-7, vdnile the Montana and Wyoming values were adjusted to reflect the
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Table D-8. Best Current NGP Coal Electricity Share in the 21-state Market Area
N)o
Actual 1979 Best current Best currentEstimated NGP total NGP NGP electri­1979 del. tons® Heat content** Heat ratê electricity'* electricity® electricity* city share*State (1000s) (BTO/lb) (BTU/lb) (10® kwh) (10® kwh) (10® kwh) (%)
Current NGP Coal Electricity Shares Based on the Analysis of Coal Deliveries
Arkansas 1,557 8,400 10,800 2,422 2,402 2,402 100
Colorado 2,734 8,460 10,300 4,491 17,516 4,491 26
Illinois 6,677 9,340 10,760 11,592 66,449 11,585 17
Indiana 1,423 9,400 10,340 2,587 65,687 2,587 4
Iowa 5,811 8,530 10,260 9,662 15,561 9,662 62
Kansas 5,093 ̂ 8,390 10,540 8,108 12,566 8,108 64
Louisiana (2,06B)h (8,020)h 10,420 3,183 - 3,183 100
Michigan 3,727 9,510 10,410 6,819 51,364 6,819 13
Minnesota 12,150 8,630 10,370 20,223 17,642 17,642 100
Missouri 962 8,300 10,540 1,515 43,805 1,515 3
Nebraska 2,088 8,560 10,540 3,392 6,027 3,392 56
North Dakota 9,601 6,680 11,540 11,115 11,040 11,040 100
Oklahoma 4,368 8,700 10,700 7,103 4,716 4,716 100
South Dakota 2,737 6,330 11,800 2,936 2,814 2,814 100
Texas 10,249 8,760 10,420 17,232 46,364 17,232 37
Wisconsin 4,735 8,550 10,920 7,415 23,687 7,415 31
Current NGP Coal Electricity Shares Based on the Analysis of Coal by Wire
Idaho 8,200 10,800 4,381 221 5
Montana •m 6,530 10,800 - 3,598 3,598 100
Oregon - 8,200 10,800 - 11,781 5,375 46
Washington - 8,730 10,800 - 7,304 3.232 44
Wyoming - 7,800 10,820 - 4,536 1,850 41
Ŝource: Table D-2.
d
Source: Table D-3.
See Table D-6, footnote 3.
Best estimate based on DOE, 1980c or estimated 
proportional to other plants.
DOE, 1981c. Table 37, page 51. DOE data were adjusted for coal by wire 
states to reflect export.
See text. N̂GP coal electricity as a percent of actual 1979 total coal electricity.
DOE, 1981a, Table 54, page 91 (coal was delivered in 1980)
cx)al eiçxsrted by wire. ibe bottom half of Table D-8 gives the 
resulting estimates for these states and the representative values for 
converting electricity to tons of ooal. These oonversion factors are 
used in the ooal forecasting model.
Sunmary of 1979 Deliveries
Several generalizations can be made about the existing (1979) 
market for each of the NGP coal producing states. First, it is evident 
that NGP North Dakota lignite is Iximed locally and exported from the 
region as electricity- Second, the three primary markets for Montana 
coal are the north central states of Minnesota, Michigan, and 
Wisconsin; minemouth generation in Montana (with electricity export to 
Washington); and SIP regulated coal plants in Illinois. Some Montana 
coal is also used in Texas; however, it is obvions that Wÿcming NGP out 
competes Montana NGP in the Texas market. Third, Wyoming NGP ooal has 
the largest market, competing comparatively with Montana coal in 
Wisconsin and Illinois but dorriinating the NGP deliveries to eigbt 
states in the mddoontinent (Arkansas, Colorado, Iowa, Michigan, Maine, 
Oklahoma, Texas). In addition, a significant amount (5.8 mt) of 
Wyoming NGP is burned minemouth and exported from the region as 
electricity to Washington, Idaho, and Oregon.
Competing Coal Supply Regions 
The previous discussion identified 22 states vhich currently 
(1979-1980) receive NGP coal or NGP coal electricity. In having such a 
broad market area, NGP coal competes with most of the major coal supply 
regions in the country. Table D-9 lists the origin of all the 1979 
electric utility coal delivered to the 18 states receiving NGP coal.
205
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■DO
Q .
Cg
Q .
■D
CD
C/)
C/)
CD
8
3.3"
CD
CD■DO
Q .
CaO3■DO
CD
Q .
■D
CD
C/)
C/)
Table D-9. Origin and Destination of all 1979 Utility Coal Deliveries to the 18-state Market Area 
(excludes coal by wire)®̂ ĉ (loOO tons)
o
...Coal supply 
(ggion 
Destinatioti-... Colorado
East
Interior
West
Interior Utah
South
Wyoming*̂ Texas
North 
and south 
Appalachia
New
Mexico NGP® Total
Arkansas _ _ 1,557 1,557
Colorado 6.350 - - - 302 - - - 2,734 9,386
Illinois 1,762 20,384 3 103 6,519 - 1,103 - 6,677 36,551Indiana 763 31,116 - 1,334 1,286 1,001 - 1,423 36,923Iowa 339 2,240 1,248 11 2,193 - 3 5,811 11,845
Kansas 406 - 2,169 11 1,363 - - — 5,093 9,040
Michigan - 1,287 - — - - 19,250 - 3,727 24,264
Minnesota - 710 22 - - - 81 - 12,150 12,963
Missouri 894 12,229 6,228 1 1,472 - 717 279 962 22,782
Montana - - — - - - - - 3,511 3,511
Nebraska 278 - 6 262 1,554 - - - 2,088 4,188
North Dakota - - — - - - - - 9,601 9,601
Ohio - 1,587 - - - - 48,143 - 3,648 53,378
Oklahoma - - - - - - - - 4,368 4,368
South Dakota - - - - - “ - - 2,737 2,737
Texas 33 - - - - 24,802 - 76 10,249 35,160
Wisconsin - 6,215 38 - 514 - 1,768 4,735 13,270
Wyoming - - - - 7,564 - - - 5,861 13,425
Supply region 10,824 75,768 9,714 1,722 22,767 24,802 72,066 355 86,932 304,949
totals for NGP 
area (percent 
of total)
(3.5) (24.8) (3.2) (0.6) (7.5) (8.1) (23.6) (0.1) (28.5) (100.0)
Supply region 
totals for U.S.®
11,498 117,918 9,810 7,328 22,767 24,802 228,788 13,399 86,932 523,242
NGP total as 
percent of U.S.
94 64 99 23 100 100 31 3 100 58
P̂rimary source: DOE, 1980a. Table 24, pages 26-27.
Ĉoal supply region definitions: Colorado— all of Colorado; East Interior— east Kentucky (BOM district 
8), Indiana, Illinois; West Interior— Arkansas, Iowa, Kansas, Missouri, Oklahoma; Utah— all of Utah; 
South Wyoming— all of Wyoming excluding the Powder River Basin; Texas— all of Texas; North and central 
Appalachia— Maryland, Ohio, Tennessee, Virginia, West Virginia, Pennsylvania; New Mexico— all of 
New Mexico; NGP— BOM's Northern Great Plains province: Montana-Wyoming Powder River and Montana- 
North Dakota Fort Union.
D̂OE, 1980a. Adding errors were corrected.
Ŝouth Wyoming estimated by subtracting NGP-Wyoming from DOE, 1980a value for total Wyoming,
®NGP source: Table D-2.
Total deliveries amounted to 305 mt in 1979. NC3» coal supplied 89-6 mt 
or 28.5% of the total vtfrLle the Rocky Mountain region (Colorado, Utah, 
south Wyoming, and New Mexico) provided 35.7 mt or 11.7%, the Interior 
region (east and west) 85.5 mt or 28%, Texas 24.8 mt or 8.1%, and 
northem and central 7\ppalachia 71.2 mt or 23.6%. The only steam coal 
producing regions not competing in the 18-state market area are 
Arizona, southern î ipalachia, and Washington. Washington coal would 
have been included if Washington state had been included in the market 
area based on NGP coal-by-wire deliveries.
After a review of the eight coal supply regions currently 
conpeting with NGP coal, seven conpeting coal supply centers were 
selected for analysis in the NGP market model. These regions are shown 
in Table D-10 along with their respective supply centers and air mile 
distances from NGP coal. The coal supply centers were selected based 
on areas within the region currently experiencing large scale mining. 
For the larger coal regions, it is obvious that several different 
supply centers may exist within the supply region; therefore, minor 
shifts in the market boundary due to input variable cost changes may 
not be as significant as the location of the supply center within the 
larger coal supply regions (i.e., different Montana and Wyoming centers 
within the NGP region).
Washington coal was added to the regions in Table D-9 because it 
currently competes (Centralia plant) with NGP coal by wire. In the 
final analysis, the Washington coal does not define a western market 
boundary with NGP coal because South Wyoming coal is more competitive 
in the western region.
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Table D-10. Coal Regions and Coal Supply Centers
Coal region
Abhrevi-
etlon Description Supply center
Air miles 
from Gillette
Powder River NGP Montena-Wyoming Powder River (sub) Gillette, Wyoming 0
Washington WA Washington coals (sub) Centralia, Washington 975
South Wyoming SWY Wyoming Green River and Hana (sub-bit) Superior, Wyoming 250
Colorado CO All of Colorado (sub-bit) Hayden, Colorado 278
Utah UT Uinta basin (bit) Huntington, Utah 453
New Mexico NH San Juan River (sub) Farmington, New Mexico 552
Texas TX Gulf coast (llg) Emory, Texas 961
Midwest It Eastern Interior basin (bit) Centralia, Illinois 947
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The west Interior and north central Appalachia coal regions were 
not analyzed in the final NGP market analysis because preliminary model 
results indicated the east Interior region (Illinois, Indiana, and west 
Kentucky) was determining the market boundary in the Midwest.
Determining Ooal Costs for Conpeting Supply Regions 
Coal Costs
Determining the oorrect cost stream for a given coal over the 
expected life of a power plant is an important and ocnplex step in 
defining the NGP market area. The free on board (FOB) selling price of 
a ooal is a functicn of its quality, mining costs, preparation and 
handling costs, taxes, royalties, and current market conditions. 
Mining costs vary among ooal mining areas and over time according to 
the mining technologies used, the extent of coal reserves, the rate of 
depletion of those reserves, and changes in the price of labor, 
capital, and materials. Coal quality also varies from region to region 
and often within a region. Taxes and royalties can vary by state, 
county, mine type, and coal quality. Unfortunately, due to this 
ocnplexity, a oonprehensive series of coal prices does not exist. 
Existing price series do not specify quality, or they include coal 
transportation costs, or they are too short in time frame to be of 
value.
The NGP market model requires ooal specific input values for FOB 
mine price and BTU/lb. A coal's sulfur content and rank are accounted 
for vhen estimating FOB mine price and power plant capital and 
pollution control costs, but they are not direct inputs to the market 
model. FCB mine price is the actual price paid for a ton of ooal
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prepared and loaded for transport; it should not be confused with 
mining costs or contract sales price.
In 1die absence of a detailed supply and demand model for the coal 
industry, coal prices for the NCT> market model are estimated from an 
analysis of current prices, historical cost trends, and forecasted 
future prices. All coal purchases are assumed to be by long-term 
contract and from the marginal new mine.
Goal quality can vary within a coal region; however, the price per 
unit of heat (i.e., $/10̂  BIU, FOB mine) is usually fairly constant. 
Obtaining a definitive average coal quality for a coal region is 
therefore not as important as having the correct price for a given coal 
quality. Table D-11 presets the best available estimates for currait 
new long-term steam coal contract prices. Most of the coal quality and 
price information if from Goal Week; the quality data compare 
reasonably with the actual 1979 utilities’ coal deliveries. The 
expected long-term mine type vhich is used later for determining the 
real escalation rate in mining costs is also shewn. Although the South 
Wyoming and Coloradb coals are currently strip mined, the long-term 
mine in the region is forecasted to be underground (Gre^, J.W., et 
^., 1980).
The coals in Texas and Washington are mined primarily by utilities 
for minemouth power plants. Price quotes for these coals are generally 
lower than what would be expected for noncaptive mines. This is 
especially true in Texas there the utilities have leased a large 
portion of the most economical coal reserves. The low prices shewn for 
Washington and Texas coals are prices currently being quoted by
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Table D-11. 1980 FOB Mine Price and Goal Quality* fear Conpeting Coal 
Supply Regions
Coal rcslon
Mine
type Rank BTU/lb
Percent
S
Percent
ash
16.5ÛJ 
(10* BUI)
1980
8/ton
FOB price 
(8/10* BTU)
1980
price
scenario
Illlnois— htgh S U B 10,500 3.5 13.0 6.67 21.00 1.00 Base
Illinois— low S U B 11.700 2.5 8.5 4.27 27.50 1.18 High
Colorado U S-B 10,700 0.5 9.1 0.93 17.50 .82 Base
New Mexico S S 10,000 0.5 10.5 1.00 16.00 .80 Base
Utah u B 11,500 0.6 9.0 1.04 19.75 .86 Base
South Wyoming u S-B 10,500 0.6 8.5 1.14 16.50 .79 Base
Texas^ 8 L 6,300 0.7 11.5 2.22 8.00 .63 Low
Texas^ s L 6,300 0.7 11.8 2.22 15.00 1.19 Base
Texas* s L 6.300 0.7 11.8 2.22 20.00 1.59 High
Washington* u S 8,100 0.9 16.0 2.22 15.50 .96 Low
Washington u S 8.100 0.9 16.0 2.22 27.50* 1.70 Base
HCP-Moncana s s 8,600 0.7 8.0 1.63 9.75 .57 -
NCP-Hontana s s 9,300 0.4 6.0 .86 12.00 .65 High
NCP-Wyomlng s s 8,100 0.5 6.0 1.23 6.75 .41 Low
NGP-Nortb Dakota* s L 6,600 0.6 9.8 1.82 7.25 .55 -
NCP-Base^ s S 8,600 0.5 6.0 1.15 8.80 .51 Base
Coal Week, 1980. Various issues.
DOE, 1981b. Table 56, pages 110-131.
Carman, D.B., 1981.
Harr, B.D., 1982b.DOE, 1980d. DOE 1979 dollars converted to 1980 dollars by 
multiplying by 1.0943.
( Weighted average heat content for 1979 Powder River utility coal 
deliveries; average price for Montana-Wyoriing Powder River coal 
($/10® BIU).
•Source:
^Source:Source:
^Source:
•Source:
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utilities for existing captive mines. The base and hi^ price 
estimates are for new nonutility coal and are about twice the utility 
price.
Five different prices are given for NGP coal in Table D-11. The 
differences result from the variations in quality, mining conditions, 
and state severance taxes. A base case NGP price was estimated in 
$/ton from the average Montana and Wyoming Powder River price in $/10̂  
BTU and the wei^ted average heat content for 1979 Powder River utility 
coal deliveries. The resulting base NGP coal price, $8.80/ton (8660 
BTU/lb), is slightly hi^ier than some of the 1980 Wyoming selling 
prices; however, most of the lower priced coal is coming from the first 
large mines vhich opened with lower costs (i.e., lower royalties and 
capital equipment costs).
Preliminary market model results indicated that Texas lignite is 
compétitive with NGP coal at $15/ton (6300/BTU lb) but is not at 
$20/ton. In the base case 1980 NGP market model scenario, however. New 
Mexico coal versus Texas lignite would be required to determine the 
least cost coal in Texas.
The NGP market model forecasts a substantially larger 1980 market 
area for New Mexico coal (see Chapter 8) than the one shown by the 1979 
utility coal deliveries in Table 12. The major reason the forecast 
doesn’t compare well with actual 1979 New Mexico coal deliveries is 
that the market model assumes an adequate rail system is in place for 
each of the coal supply regions. This is definitely not the case for 
the new Mexico supply region. The central region of the San Juan coal 
basin (New Mexico) is one of the largest undeveloped strippable coal
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deposits in the western IMited States. The area is rest currently 
served by a railroad, tut the Santa Fe Railroad has proposed to build a 
114-mile line into the area (Office of Technology Assessment, 1981). 
Future Coal Prices
The rate at which current coal prices will escalate is a function 
of worker productivity, reserve depletion, and overall changes in the 
real cost of mining. Because coal prices are not estimated from a 
supply curve in the N3P market model, several simplifying assumptions 
must be made. First, it is assimed there will be no substantial change 
in current worker productivity. Second, the effects of reserve 
deletion are cmsidered to be small and will be dominated by the other 
real cost increases for coal nüning (i.e., labor, equipment, etc.). In 
the past, coal producticn has always been demand limited and supply was 
not a limiting factor.
Reserve problems are anticipated for certain in the Washington and 
Texas supply regions by 2000; however, there are other coal supply 
regions competing successfully with NGP coal in these market areas. A 
review of the real coal prices forecasted in the Department of Energy's 
coal model, vhioh are based on supply curves, did not indicate any 
subs-tantial cost increases due to reserve depletion (review of DOE, 
1980d) except in Washington and Texas. In addition, our forecasts of 
electricity demand in the NGP market area are lower than DCE's, 
resulting in less reserve depletion.
To project future coal prices, an analysis of factor price trends 
was conducted to examine past cost trends in the real cost of mining. 
n->ai mining costs can be separated into three factor shares: labor,
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capital and equipment, and material, supplies, and energy. lÎTe factor 
cost shares vary individual mine but can be estimated in general for 
underground mines are! surface mines. The factor cost shares assumed in 
this analysis are shown in Table D-12. Table D-13 shows the estimated 
real price trends for the period 1965-1980 for coital equipment and 
materials (as described in Chapter IV) and the best estimates for 
future underground labor costs.
Estimating the historical price trend for coal mining labor is a 
problem and projecting future labor cost trends can best be described 
as speculation. Wages have historically centered around the contracts 
settled by the united Mine Workers of America (UMM). During the 1970s, 
UMff wages increased substantially faster than earlier periods, perhaps 
due to excess profits in the industry resulting from the energy crisis 
of the early 1970s (EPRI, 1977). Ihe annual nominal escalation rate 
for the period 1971 to 1980 has been estimated at 11.6%. The 
corresponding inflation rate, as measured by the IPD for GNP, is 7.1%, 
yielding a 4.2% real annual increase in wages. Ihe extent to which 
this high rate will continue is dependent on the labor market, nonooal 
energy prices, nonunion western coal production, and UMW policy (EPRI, 
1979).
Ihe UMW contract, settled in June 1981, contains provisions for 
wage increases of 38.5% over the 40-month life of the contract (Coal 
week, 1981) or rou^y 10.3% per year. Ihe resulting real annual 
iTKxrease in wages depends on the forthocming general rate of inflation 
for the life of the contract. Assuming a 7% general rate of inflation 
for -the period would yield a 3.1% real annual Increase (1.103 1.07)
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Table D-12. Factor Cost Shares (percent
Mine Type Capital Labor Materials
Underground 12 59 29
Surface 50 25 25
Source: EPRI, 1979.
Table D-13. Factor Real Cost Trends: 1967-1980 (percent/year)
Item Base Low High
Capital equipment® 2.5 0.6 4.4
Operating materials® 1.2 0.2 2.2
Labor** 2.0 0.0 4.0
® Source: Chapter IV.
**See text for discussion.
v*iereas a 6% general inflation rate would result in a 4.1% real annual
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increase. The extent to vAiich these large real labor escalation rates 
will continue is unknown. Based on the above discussion, the best 
informed assumption is that future real rates will range from a low of 
0% to a high of 4% with the most likely rate being 2%.
The real coal price multipliers in Table 39 of Chapter IV are 
computed by multiplying the factor shares in Table D-12 by their 
respective escalation rates, leveling the operating costs, and summing 
the resulting component factors. The results show that in all cases 
(lew, base, and hî i), the real price of coal is expected to increase 
in the absence of depletion. In the base and high cases, underground 
prices escalate faster than surface mining costs and in the low case 
surface mining costs escalate faster (see multipliers in Table 39, 
Chapter IV). The relative difference between surface and underground 
costs increase substantially in the base and hi#i cases and to a lesser 
degree in the low escalation rate scenario.
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TABLE E-1. 1979 NGP Coal Deliveries to Electric Utilities
b
Utility"
Southwest 
El Po
Plant^Unit^
MW Capacity SO2 Coal Source Coal Quality
NP/Net Date Regulation States'/Mined Btu/lb;%^
ARKANSAS
WY/BA & EB^ 8400/.3^Flint Ck. #1 558/528 1978 1.2
1000 Tons 
DellveredS*^ Notes
1557 1.2 emission
standard changes to 
1.1 in 1982
COLORADO
NJ
-J
Public S. Comanche # 1 4  2 778/660 1973 1.2 WY/BA A EB 8460/ .3 4 2734
Co. of <-
ILLINOIS
Commonwealth Fisk #19 374/336 1959 1.8 MT/Decker 9450/. 38 295 Converted to
Edison WY/Big Horn" 9340/.47 372 coalg
Comm. Edison Crawford #7 239/219 1958 1.8 WY/Big Horn 9400/.5 193 Converted to
#8 358/319 1961 1.8 MT/Decker 9490/.39 258 coal
Comm. Edison Joliet #6 360/330 1959 1.8 WY/Big Horn 9400/.5 193 Converted to
#7 660/533 1965 MT/Decker 9430/.39 885 coal
#8 660/533 1966
Comm. Edison Waukegan #6 121/88 1952 1.8 WY/Big Horn 9400/ . 5 193 Converted to
#7 326/328 1968 MT/Decker 9420/ .3 9 294 coal
#8 355/358 1962
Com. Edison Will County #1 188/139 1955 J.8 MT/Decker 9450/.40 727 Originally used
#2 184/161 1955 WY/Big Horn 9380/.47 1419 Midwest coal
#3 299/251 1957
#4 598/510 1963
Comm. Edison Powerton #5 893/850 1972 1.8 MT/Decker 9460/.39 914 &me blending wi
#6 893/850 1975 WY/Big Horn 9400/.5 193 Illinois, NGP
Central ILL. Edwards #1 136/131 I960
Light #2 28O/267 1968
#3 364/358 1972
1.8
HT/Absaloka 8620/.6 8
replaced Illinois
687 Also using Colorado
coal
CD■DOQ.C
gQ.
g
1—H3""OCDg Utility® Plant®Unit^
HVf Capacity 
NP/Net
b
Date*"
. SO2 ^
Regulation
Coal Source 
StatffMined
Coal Quality 
Btu/lb:%9&
lOOO tons 
Delivered^  ̂Notes
C/j'C/)o" ILL Power Co. Havana ff6 450/450 1978 1.8 WY/ 8350/.31 7 Conv. to coal,3O MT/Decker 9370/.51 47 blending w/App.
low S spot purchases
CD
g INDIANA
Conun. Edison Stateline #3 225/196 1955 1.2 WY/Big Horn 9380/.47 610 Conv. to coal,CÛ3" A 389/340 1962 1.2 MT/Decker 9410/.39 813 WY was spot purchase
i3CD IOWA
"n Interstate Debuque #2 15/15 1929 6.0 WY/ 864o/.6l 2 Blended withc3- Power #3 29/30 1952 MT/Absaloka 8690/.62 25 Midwest
CD A 37/35 1959
S Int. Power lansing #1 15/18 1948 5.0 WY/BA A EB 8360/.52 447 Also using ILL■D3 ro n 12/11 1949 5.0 MT/Absaloka 8590/.76 103
Q . 00 #3 38/34 1957 5.0
a A 274/260 1977 1.2O3 Int. Power Kapp #1 19/18 6.0 MT/Absaloka 8670/.64 52 Conv. to coal■O n 218/220 6.0O3" lowa Pub. George Neal #1-2 477/467 1964,67 5.0 WY/Rawhide 8760/.42 2596CT
1—H Service #3 /52O 1975 5.0CDQ. A 640/576 1979 1.2
g lowa Power A Council #1 49/48 1954 5.0 WY/Belle Ayre A 8330/.37 2563 Units 1 A 2 conv.3O Light Bluffs #2 81/91 1958 5.0 Eagle Butte to coal and bumc_ #3 650/650 1978 1.2 S. WY coal"OCD3 lowa Southern Burlington #1 212/207 1968 5.0 WY/ 8510/.40 23 Spot market3C/)'
W KANSAS
3
Kansas City la Cygne #1 873/824 1973 3.0 WY/BA A EB 8400/ .3 5 2056 #1 uses Kansas coal
Pow. & Light #2 686/630 1977 1.2
Kan. Pow. 4 , Jeffrey #1 720/680 1978 1.2 WY/BA A EB 8390/. 34 3031
Light Tecunjseh #5-8 3O8/293 1948-62 3.0 MT/ 8500/. 74 6 Used mostly S. WY
& Col. 7 & 8 conv. 
to coal
CD■DO
Q.
g
Q.
g
1—H , MW Capacityb 9% b Coal Source, Coal Quality 1000 tons
" O Utility® Plant“Unit NP/Net Date Regulation State^/Mlne Btu/lb:^S^ Delivered ’  %otes
CD
3c/)c/) MICHIGAN
o "
3 Detroit St. Clair #1-4 650/634 1953-54 1.67 MT/Decker 9660/.34 2500 Conv. to coal
Edison #6-7 898/748 1961,693"
CD Upper Pen. Presque Isle #1-9625/579 1955-79 1.67 MT/Decker 9210/.42 1227 Also used App. low S
8 Generating
ci-
MINNESOTA
3"
O
Interstate Fox Lake #3 82/84 1962 4,0 MT/Alsaloka 8640/ .7 0 70
$ Power
Minn. P & L Aurora #1 58/55 1953 4.0 MT/Blg Sky 8410/1.1 334
T | #2 58/55 1953
C
3 . Minn. P & L Boswell #1 75/69 1958 4.0 MT/Big Sky 8720/.87 2449
3"
CD #2 75/69 i960 4.0
3 to #3 365/350 1973 4.0■o United Power Elk River #1 12/12 1951 4.0 MT/Rosebud 8600/.74 69o
Q. Assn. #2 12/12 1951 4.0Ca 22/26 1959 4.0
O
3 Northern Black Dog #1 81/75 1952 3.0 MT/Absaloka 8810/.84 543 SIP regulation plant,
■ D States Power #2 113/100 1954 3.0 derated, County non­
O
3" n 114/115 1955 3.0 attainment, blendingo; #4 180/173 i960 3.0 with ILL
CD
Q. North. State High Bridge #3 58/44 1942 3.0 MT/Absaloka 8600/.78 502 Blending
$ Power #4 63/44 1944 3.0
1—H
3" #5 114/107 1956 3.0
O
C_ #6 163/168 1959 3.0
" O
CD
North. State King #1 598/560 1968 3.0 MT/Absaloka 8730/.76 1082 Blending
i Power
North. State Minn. Valley #3 46/47 1953 4.0 MT/Absaloka 8580/.8 43 Blending -spot purch.
5' Power
3 Nor. St. Pow, Riverside #6-8 384/358 1949-64 3.0 MT/Absaloka 8810/.79 776 Blending
Nor. St. Pow. Sherburne #1 720/698 1976 .96 MT/Rosebud 8740/.75 5402 FGD (50%)
#2 720/700 1975 .96
Nor. St. Pow. Wilmrth #1 13/13 1948 4.0 ND/Beulah 7I90/.47 18 Spot purch.
#2 13/12 1951 4.0
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Utility Plant^Unlt^
Virginia Virginia #5-9
Dept. of P.U.
Wlllmar Muni. Willmar #3-5 
Util.
Moorhead Pub. Moorhead #3-7 
Service 
Otter Tail Hoot Lake #1
Power #2
#3
MWCapacity
NP/Het
38/38
30/26
34/34
8/8
54/61
75/79
c SO2 b Date Regulation
1949-71 4.0
1949-70 4.0
1940-70 ^ .0
1948
1959
1964
4.0
4.0I4.0
Coal Source, 
State^/Mlne
MT/Rosebud
MT/Rosebud
ND/Beulah
ND/Beulah
Coal Quality 1000 tons 
Btu/lb:^^ Delivered Notes
8590/.8O 
8500/.74  
7010/.56 
7060/.68
119
62
162
519
MISSOURI
3 "
CD Union Electr. Sioux #1 550/452 1967 4.8 Wy/Rawhide 83OO/ . 3 550* ♦estimated; short­
CD #2 550/452 1968 4.8 term contract
■ D
0
N )
0 Kansas City latan #1 726/630 1980 1.2 WY/Belle A. 4 83IO/.3 6 412 coal delivered but
Q .
C Pow. 4 Lgt. Eagle 8 . not consumed
MONTANA
MT-Dakota Ut. Lewis & Clark #1 50/44 I958
MT Power Co. Colstrip #1 358/330 1975
#2 358/330 1976
MT Power Co. Corette #1 173/180 1968
Neb. Public Gerald G. #1 650/6OO 1979
Power
Omaha Pub. Neb. City #1 565/575 1979
Power Dist.
Basin Ble. Leland Olds #1 217/217 1966
Power #2 44o/433 I965
2.0 ND/Knlfe River
PSD*̂  MT/Rosebud
6500/.48
8730/.71
8690/.762.0 MT/Rosebud
NEBRASKA
WY/Black Thunder 88IO/.3 6  
WY/Caballo 8I50/.36
1.2 
1.2
NORTH DAKOTA
3.0
3.0
ND/Glenhaix)ld 66l0/.54
304
2529
678
1298
790
2804
minemouth; *PSD 
'lass I nearby; 
BCD 60-80%
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toro
, MW Capacity
b
SO2 b Coal Source, Coal Q uality 1000 tons^,
u t i l i t y * Plant Unit NP/Net Date^ Regulation Stated/Mine B tu /lb ;^ ^ Delivered Notes
Basin E le . W.J. Neal #1 15/18 1952 3.0 MT/ 8580/.8 3
Power #2 15/18 1952 3.0 ND/Velva 6550/.39 270
Cooperative Coal Creek #1 550/490 1979 1.2 ND/Falkirk 6420/.65 979
Power so/ 6500/ .  46 168
Minnkota Pow. Young #1 266/240 1970 3.0 NO/Center 6720/.68 3887
Co-op #2 454/408 1977 1.2
MT-Dakota Heskett #1 25/28 1954 3.0 ND/Beulah 6960/ .6 6 485
U t i l , n 75/72 1963 3.0
United Power Stanton #1 172/167 1967 3.0 ND/lndian Head 6850/.63 1005
Assn.
OHIO
Ohio Power Gavin #1 1300/1300 1974 9 . 5* WY/BA *  EB 8 I 50/.50 3648 *S02 SIP is  being
#2 1300/1300 1975 9 . 5 - reviewed
OKLAHOMA
Okla. Cas & Muskogee A 572/515 1977 1.2 VfY/Black Thunder 8661/.37 1979
E le c tr ic #5 572/515 1978 1.2
Okla. Cas & Sooner #1 567/515 1979 1.2 WY/Black Thunder 8790/.38 1439
E le c tr ic
Pub. Ser. Co. Northeastern #3 450/450 1979 1.2 WY/Jacobs Ranch 8670/ .3 9 950
o f Okla.
SOUTH DAKOTA
Black H ills Ben French #1 26/22 1961 3.0 WY/Wyodak 8030/.44 102
Pow. & Lgt.
Black H ills K ilt  #1-2 10/10 1935 3.0 WY/Wyodak 8030/.44 158
Pow. *  Lgt. #3 5/5 1961 3.0
m 17/16 1956 3.0
O tte r T a il Big Stone #1 414/430 1976 3.0 ND/Cascoyne 6150/.69 2477 357 mile shipment
Power
TEXAS
C ity  Pub. S er.J .T . Deely #1 447/418 1977 1.2 WY/Coidero 8360/.37 2014 1 4 2 conv. to coal
San Antonio #2 447/418 1978
CD■DO
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83ci'
Utility* Plant*Unit^
MW Capacity 
NP/Net
b
Date^ bRegulation
Coal Source Coal Quality 
State*/Mine* Btu/lb:^S*
1000 tons. 
Delivered* '^Notes
Houston Light Rirish #5 734/660 1977 1.2 WY/Jacobs Ranch 8610/.43 2816
& Power #6 734/660 1979 1.2
Lower Color. Fayette #1 600/550 1979 1.2 MT/Decker 9630/.37 1609 Thinking about
River Auth. to lignite
Southwestern Harrington #1 360/317 1976 1.2 WY/Black Thunder 8990/.41 2013
Power #2 343/317 1978 1.2
SW Elec. Pow. Welsh #1 511/528 1977 1.2 WY/BA & EB 8390/.33 1797
WISCONSIN
33"
(D
(D
T3O
Q .
Ca
o3
T3O
(D
Q .
T3
(D
(/)(/)
K)
N)
Dairyland Alma #1 15/20 1947 None MT/Absaloka 8740/1.09 202 Small amount of
Power Corp. #2 15/21 1947 Midwest used
#3 15/20 1951
#4 54/61 1957 V
#5 81/86 i 960
Dairy. Pow. Alma #6/1 350/350 1979 1.2 WY/Belle A. 8120/.32 131 Unit start up in
Corp. 197"
Dairy. Pow. Geno #6/1 345.6/350 1969 None MT/Absaloka 8680/ 1.25 298
Corp. WY/ BA A EB 8178/.35 65
Lake Superio Bayfront #1-5 82/84 1917-57 None MT/Rosebud 850I /.7 82 Some coal from
District
Wise. Pow. & 
Light 
Wise. Pow.Æ 
Light 
Wise. Public 
Service
Black Hills 
P & L 
Black Hills 
PAL
Columbia #1
#2
Nelson #1 
Dewey #2 
Pulliam #3-7
m
556/518
556/527
113.6/106
113.6/104
248/253
125/127
1975
1978
1959
1962
1943-58
1964
None
1.2
None
None
None
MT/Rosebud
WY/Cordero
MT/Rosebud
MT/Rosebud
WYOMING
Nell Simpson #1, 2?/23 1948-69 1.2 WY/Wyodak
3-5
Osage fl-3 36/30 1948-52 1.2 WY/Wyodak
8690/ .7 3
8400/.40  
8630/.68
8680/.67
8O50/.43
8040/.44
1947
1820
118
72
114
246
Decker, may conv. to 
wood
Also using ILL coal
Blending with 
Eastern coals
Small units 
Small units
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APPENDIX E FOOTNOTES■D
CD
I
w a . Source: Federal Energy Regulatory Commission Form 42) -  Summary -  Weighted Averages. Spot vs.
§ Contract -  Coal only. Unpublished Computer p rin tout obtained from John Green, U.S. Department o f
2, A gricu ltu re , Fort C o llin s , Colorado. 1980. This data has been collected by various government
5  agencies over the la s t  eight years, however, i t  may best be known as the data series from FPC
o Form 423, "Monthly Report o f Cost and Quality o f Fuels fo r  E le c tr ic  P lants ."
;o Some tonnages may have been modified s lig h tly  so that mine sources could be matched with sp ec ific
(§■ powerplant d e liv e r ie s . I f  the FERC 42) data was a lte red  i t  is  noted in  the tab le . The coal
3  tonnages and mine-sources are fo r  the powerplant and not spec ific  plant un its . A l l  the c o a l-fire d
g units a t the powerplant are lis te d ; resu lting  in  some of the lis te d  units not using NGP coal.3
CD
^ b. Source: IGF In c ., 1980. Survey o f U t i l i t y  Powerplant Emissions and Fuel Data, Prepared fo r
c D ivision o f Stationary Source Enforcement, U.S. EPA. October 1980,
^  Unit number and MW capacity correspond d ire c tly  when the b o ile r and turbine are a set. Where
? correspondence was not d ire c t, the un it number re fers  to the b o ile r . A ll units lis te d  are
^  c o a l-f ire d . NP= nameplate capacity; Net = net dependable capacity; The 302 emission standard
o re fle c ts  IGF's best judgment on currently enforced standards. A ll  standards are in  terras o f
pounds o f SÛ2 per m illio n  Btu where possible. The emission standards are un it sp ec ific .
Q. cgO NJ
■DO
CDQ.
■D
M c . Source; DOE, 1981. Inventory o f Power Plants in the United States; 1980 Annual. D0E/EIA-0095(80). 
Energy Information Adm inistration. Washington, D.C. June 1981. (Table 6 pages 18-270)
d. The mine source data has been compiled from several sources:
Green, J. 1980. Western Energr: The In terreg ional Coal Analysis Model. Natural Resource
Economics D ivision; U.S. Department o f A gricu lture. August 1980. (Appendix tables  
2 and 5) pages 8>-l35 , and 174-2)4.
Glass, G .,1980. Wyoming Coal Production and Summary o f Coal Contracts. Geological Survey 
? o f Wyoming. Public Information C ircu la r No. 12.
0' Montana Department o f Natural Resources and Conservation. 1980. Additional Coal-Fired
Generating Plants in the Montana Coal Market Area. Unpublished data. Helena, MT.3
e. The coal source corresponds with the specified tons delivered to the given power p lan t. The mine 
source and coal data are not specific  fo r  the power plant un it where more than one un it is  lis te d  
fo r  the power p lan t. A ll  the c o a l-fire d  units w ithin a power plant were lis te d  to aid  in  the
Characterization o f the power p lan t. The plants may also be using non-NGP coal which is  not lis te d .
f .  BA 4 EB is  short fo r  the B elle  Ayr and Eagle Butte mines. The coal mines are dlscrlbed in  Table 1.
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I—H3"
■g g. The note, "converted to coal" means the u n it was converted from some other fu e l to coal. The data
C/Î
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3.
3"
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source is Green, 1980, table 13 pages 48-50.
h. The amount of Big Horn coal delivered to Commonwealth Edison plants had to be estimated. The plants 
also receive South Wyoming coal of similar quality and the FERC 423 data does not differentiate.
The estimate was made assuming 90^ of Big Horn's 1979 production went to Commonwealth Edison plants 
(1000 tons; 3524 X .9 = 3172). The FERC 423 Wyoming tonnages to the Fisk, Will County, and State 
§ Line plants were assumed to be Big Horn coal only and were subtracted from the 90^ (3172 - (372 + 1419 + 6lO) = 771).
The remaining 771 thousand tons was assigned in equal amounts to the Drawfoid, Joliet, Waukegan, 
and Powerton plants (771 t 4 = 193). Although somewhat arbitrary, the estimates are suitable for 
this study because of state level aggregation.
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Table F-1. Coal-Fired Power Plant Data File, %r State
Power Plant" Unit ° NP Statuŝ  ̂ Date° OL7oR'
SO2 f 
Regulation
SO2 .
Strategy^ Coal Source Contract
8
CD
3.
3"
CD
CD■DO
Q.
CaO3"OO
ARKANSAS
AR Llg.Eng,Center 1 750 P 1990 /̂4-78 RNSPS FGD/ AR „ 
NGC 
NGP"̂
3.6 no
Independence 1 750 P 1983/10-73 ,2ppm AA LS 1,2,3 yes2 750 P , 1985/10-73 .2pptn AA LS 1.2,3 yesWhite Bluff 1 750 E-N̂ 1980/ ,2ppm AA LS NGP 1.2,3 yes2 750 P 1981/10-73 ,2p̂ m AA LS NGP 1,2,3. yesFlint Creek 1 512 E-N 1978/ LS NGP 1,2,3 yesUnsited 1 750 P 1988/ RNSPS FGD/ u:{ 6 no
2 750 P 1988/ RNSPS FGD/ UK 6 no
roK3
1. Probably delayed beyond 1990.
2. May convert to AR lignite in late 1980's.
3 . DOE* I98I, mistakenly lists this unit as cancelled.
4. SOg limit charges to 1.1 in 1982.
COLORADO
CDQ.
■D
CD
C/)C/)
Martin Drake 5 50 E 1962 1.2 LS CO 1 yes6 75 E 1968 1.2 LS CO 1 yes
Ray D. Nixon 7 132 E 1974 1.2 LS CO 1 yes1 200 E-N I960 1.2 LS CO 1 yesCraig 1 447 E-N 1980 1.2 fgd/89 CO 1 yes2 447 E-N 1979 1.2 FGD/85 CO 1 yes
Hayden 3 447 P 1983 ,4%S FGD/85 CO 1 yes1 190 E 1965 1.2 LS CO 1 yes2 275 E-N 1976 1.2 LS CO 1 yesRawhide 1 255 P 1985 PGD/80 NGP 1 yesCameo 2 50 E i960 1.2 LS UK 1 yesCherokee 3 171 E 1962 1.2 LS CO 1 yes4 381 E 1968 1.2 LS CO 1 yesComanche 1 382 E 1973 1.2 LS NGP 1 yes2 396 E-N 1976 1.2 LS NGP 1 yes
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CD
CD■DO
Q.
CaO3"OO
CD
Q.
■D
CD
C/)(/)
Power Plant 
P&wnee
Southeastern 
Unsited (PSCC) 
Unsited (Tri-S)
1. Units indei
Duck Greek 
ED Edwards
to
[̂ Coffeen
Meredosia
Newton
Ciuwford
Joliet
Kincaid
Powerton
Waukegan 
Will County 
Baldwin
Havana
Unit" NP MW" Statuŝ G Date‘s OL7or' fRegulation SO2 . .Strategŷ  Coal Source Contract
1
2
ll
2
1
2
1
2
3
1
2
1
2
31
2
3
1
2
8
7
8 
1 
2
5
6 
8 
k 
1 
2
36
552 P 1981 1.2 LS NGP 1 yes
500 P 1983 RNSPS PCD/ NGP 1 yes
470 P 4.6 no
470 P 4.6 no
470 P 1987 RNSPS PCD/ UK 6 no
470 P 1990 RNSPS FGD/ UK 6 no
500 P 1983 RNSPS PCD/ UK 6 no
500 P 1984 RNSPS PCD/ UK 6 no
300 P 1985 RNSPS PCD/ UK 6 nopostponed (MDNRC, 1980). Not included in the 1976-1990 MW Summary.
ILLINOIS
417 E-N 1976 1.2 PGD/85 IL 1 yes440 P 1986 RNSPS PGD/90 IL 1.3 yes
136 E i960 1.8 Low S NGP, CO 1 yes280 E 1968 1.8 Low S NGP, CO 1 yes364 E 1972 1.8 Low S NGP, CO 1 yes389 E 1965 5.8 IL 1 yes617 E 1972 5.8 IL 1 yes
239 E I960 5.2 IL 1 yes
617 E-N 1977 1.2 FGD/95 IL 1.3 yes600 P 1982 1.2 pgd/95 IL 1.3 no358 E 1961 1.8 LS NGP, SWY 1 yes
660 E 1965 1.8 LS NGP, SWY 1 yes
660 E 1966 1.8 LS NGP, SWY 1 yes
660 E 1967 8.1 IL 1 yes
660 E 1968 8.1 IL 1 yes893 E 1972 1.8 LS NGP, SWY 1 yes893 E 1975 1.8 LS NGP, SWY 1 yes355 E 1962 1.8 LS SWY, NGP 1 yes598 E 1963 1.8 LS NGP 1 yes
623 E 1970 6.0 IL 1 yes
634 E 1973 6.0 IL 1 yes
634 E 1975 6.0 IL 1 yes
450 E-N 1978 1.0 LS CO, KY 1 yes
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CD
CD■DO
Q .
CaO3"OO
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to
Power Plant̂ Unit̂ NP MŴ beStatus Date‘s OL̂ /OR® ^2 fRegulation
Gayaga 1 531 E 1979 6.0
2 531 E 1972 6.0Gallagher, R. 3 150 E I960 6.04 150 E 1961 6.0
Gibson 1 668 E 1975 5.8
2 668 E-N 1976 5.8
3 668 E-N 1978 5.84 668 E-N 1979 5.8
5 668 P 1982 1.2Wabash River 6 387 E 1968 4.0
Whitewater Valley 2 60 E 1973 6.04 100 P 1988 RNSfS
Brown A.B. 1 265 E-N 1979 1.2
2 265 P 1984 1.2
3 530 P 1988 RNSPSGulley 2 104 E 1966 6.0
3 265 E 1973 6.0Warrick 4 323 E 1970 6.0State Line 4 389 E 1962 6.2Roekport 2 1300 P 1966 1.2
Breed 1 248 E i960 6.0
2 248 E i960 6.0
Roekport 1 1300 P 1984 1.2
Tanners Greek 4 580 E 1964 8.3
IOWA
Ames 8 66 P 1981/2-78 1.2Guthrie Go. 1 550 P 1985/P RNSPSKapp, M.L. 2 218 E 1967 6.0Lansing 4 274 E-N 1977 1.2Prairie Greek 4 149 E 1968 8.O/5.0ISutherland 3 82 E 1961 8.O/5.0ILouisa 1 650 P 1983/11-78 1.2Riverside 5 136 Ë 1961 6.0Council Bluffs 3 650 E-N 1978 1.2
302
FXID
PGD/
LS
LS
Low S 
FGD/ 
none 
Low S 
Blend 
none 
Low S 
none 
Low S
ILL
ILL
ILL
ILL
yes
yes
IN no
IN 1 yes
IN 1 no
IN 1,6 no
UK (some 6 
chance of NGP)
UK (some 6 
chance of NGP)
no
no
NGP 
MO 
IL 
NGP 
IL, CO 
MO, lA 
NGP 
IL
6
1
1
1
1
1
1.2
1
NGP 1,2,3
no
no
yes
yes
yes
yes
yes
yes
yes
CD■DO
Q .
g
Q .
■D
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C/)
C/)
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C Q '
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3"
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Q .
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Power Plant̂ Unit*’ NP MW*" Status*’̂ Date** OL*’/OR® fRegulation SO2 g Strategy* Coal Source*’ Contre
Des Moines ? 114 E 1964 8.0/5.0} Blend SWY, lA 1 yesNeal, George 1 147 E 1964 8.0/5.0: 
8.0/5.0: 
8,0/5.0^
Low S SWY 1 yes
2 330 E 1972 Low S SWY 1,2 yes
3 550_ E 1975/1-71 Low S SWY 1,2 yes4 558̂ E-N 1979/ 1.2 Low S NGP 1,2 yesBurlington 1 212 E 1968 8.0/5.0^ Blend IL, NGP 1 yes
Ottumwa 1 726 P 1981 1.2 Low S NGP 1,3 yes
Muscatine 8 75 E 1969 6.0 none IL, KY 1 yes
9 160 P 1982/11-77 1.2 FGD/94 IL 1,3 yesUnsited
1. First entry
2. DOE, 1981,
1 530 
is state standard; 
lists wrong MW (ill)
P
second 1985 entry is federal
RNSPS
standard.
PGD/ UK 6 no
.{ANSAS
wo
Nearman Creek 1 250 P 1981/7-79 1.2 Low S NGP 1,2,3 yes
2 300 P 1986/ RNSPS PGD/ NGP 6 no
Quindam 1 82 E 1966/ 3.0 Blend .(S,SWY,UK 1 yes
2 158 E 1971/ 3.0 Blend :<S,SWY,UK 1 yes
laCygne 1 873 E 1973/10-68 3.0 PGD/80 MO 1 yes2 686 E-N 1977/11-72 1.2 Low S NGP,SWY 1,2 yes
Jeffrey (KP&L) 720 E-N 1978/ PSD FGD/50 NGP 1,2 yes
2̂ 720 B-N 1980/ PSD PGD/80 NGP 1,2 yes
3 720 P 1983/11-76 PSD PGD/80 NGP 1,2 yes
Lawrence 4 114 E 1960/ 3.0 pgd/73 SWY,CO 1 yes
5 403 E 1971/ 3.0 PGD/73 SWY,CO 1 yes
Tecumaeh 8 150 E 1962/ 3.0 LS SWY,CO 1 yes
Holcomb 1 335 P 1983/^79 PSD PGD/ NGP 1 yes1. DOE, 1981, lists Jeffrey #2 as 461 MW. 720 MW is assumed correct, and DDE's, 1981, listing for
Missouri Public Service Co. plant - "Jeffrey" is considered to be 
LOUISIANA
an error and omitted.
Big Cajun 2 1 519 P 1981/ 1.2 Low S NGP 1,2,3 yes2 519 P 1961/4-75 1.2 Low S NGP 1,2,3 yes
3 289 P 1983/11-78 1.2 Low S NGP 1,2,3 yes
■oo
Q.
Cg
Q.
■O
CD
C/)
o"3
8
c5'
Power Plant Unit NP MW" Statusbc Datê  olVor̂ SO2 f 902 Regulation Stratef̂ Goal Source Contract
Big Cajun 3 (Oxbow) 1 418 P 1965/11-79 RNSPS PGD/ LA, AR 1,5 ?2 418 P 1968/P RNSPS FGD/ LA, AR 1,5 9
Big Cajun 4 1 418 P 1986/11-79 RNSPS FGD/ LA 1,5 noDolet Hills 1 719 P 1986/8-78 1.2 PGD/ LA 5 noRodemacher 2 558 P 1962/4-74 1.2 Low S NGP 1,2 yes
Nelson, R.S. 5 615 P 1985/10-73 1.2 Low S NGP 1,2,3 part6 615 P 1982/10-73 1.2 Low S NGP 1,2 yesRomeville (Wilton or 1 700 P 1986/ RNSPS PGD/ UK 6 no
Orleans?)̂ 2 700 P 1989 RNSPS PGD/ UK 6 no1, DOE, 1981, plant name "Romeville" does not match with other data sources. Plant could be Wilton or East Orleans.
MICHIGAN
33"
CD
CD■aoQ.
cao3■ao
CDQ.
T 3
CD
(/)(/)
tow
Champbell, J.H.
Kam, D.E. 
Belle River
Harbor Beach 
Monro
St. Glair
Trenton Channel 
Island (Sims) 
Eckert
Erickson
Shiras
1 267 E 1962 1.672 385 E 1967 1.673 770 E-N I9602 265 E 1961 1.671 697 P 1984 1.22 697 P 1985 1.21 121 E 1968 1.67,1 817 E 1971 3.68:"2 823 E 1973 3.68:"3 823 E 1973 3.68^4 817 E 1974 3.68^6 353 E 1961 1.677 345 E 1969 1.679 536 E 1968 1.673 50 P 1983 RNSPS3 50 E 1961 1.674 80 E 1964 1.675 80 E 1968 1.6?6 80 E 1970 1.671 160 E 1973 1.6?2 160 P 1986 RNSPS3 43 P 1982 1.2
LS
LS
OH, KY
NGP
NGP
KY
FGD/
PGD
OH, KY 
OH no
CD■DO
Q .
Cg
Q . Power Plant̂  Unlt̂  NP MŴ  Statuŝ ° Datê  OlV oR* SO2 f SO2 Reflation Strategy*̂ Coal Sourcê  Contract̂
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Q .
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CD
C/)
C/)
Presque Isle 3 54 E 1964 1.674 58 E 1966 1.67
5 90 E 1974 1.676 90 E 1975 1.67
7 90 E-N 1978 1.2 NGP8 90 E-N 1978 1.2 NGP
9 90 E-N 1979 1.2 NGPUnsited (U.P.P.Co.) 1 90 P 1962 UK
3 90 P 1965 UK4 90 P 1987 UK
MINNESOTA
Clay Boswell 2 75 E i960 4.0 none NGP 1 yes
3 365 E 1973 4.0 none NGP 1 yes4 555 E-N I960 1.2 FGD/89 NGP 1,2 yes
Black Dog 4 180 E i960 3.0 blend NGP, IL 1,6 yes
King 1 598 E 1968 3.0 blend NGP, IL 1,6 yes
w Metro1 1 60 P 1988 RNSPS PGD/ UK 6 no
Riverside a 239 E 1964 3.0 none NGP 1,6 yes
Sherburne 1 720 E-N 1976/11-70 .96/PSD PGD/SO NGP 1,4 yes
2 720 E-N 1977/10-71 .96/PSD PGD/SO NGP 1,4 yes
3 800 P 1985/11-75 BACT PGD/ NGP 1,2,4 yesHoot Lake 3 75 E 1964 4.0 none NGP 1 yesSilver Lake 4 54 E 1969 4.0 none IL 6 yes
Unsited 1 555 P 1988 RNSPS PGD/ UK 6 no
1. DOE, 1981. Plant name does not match with any other sources.
MISSOURI
New Madrid 
Thomas Hill
Asburg
1
2
1
2
31
600
600
180
303
670
213
E
E-N
E
E
P
E
1972
1977
1966
1969
1962/5-77
1970
10.0
10.0
9.5̂
9.3(.8)*RNSPS
none
none ILIL
PGD (92) MO y es
*Hs tintated.
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CD■oOQ.cgQ.
■D
CD
C/)(/)
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cq'
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CD■DOQ.
CaO3"OO
CDQ.
■D
CD
C/)C/)
Power Plant Unit NP MW Statusbe Date‘S OL̂ /OR̂ SO2 f  Regulation SO2Strategŷ  Goal Source" Contract''
Northeastern 3 450 E-N 1979/ 1.2 Low S NGP 1,2,3 yes
Eastern OK̂
4
1
450
3?6
B-N
P
1980/
1982/
1.2 Low S NGP 1,2,3
NGP & OK 1 yes
Southeast OK (Hugo) 1 376 P 1982/7-77 1.2 Low S NGP 1,2,3 yesUnsited 1 500 P 1986/ RNSPS PGD/ UK 6 no
2 500 P 1987/ RNSPS PGD/ UK 6 no
2 3 500 P 1989/ RNSPS PGD/ UK 6 noGRDA (Chouteau) 1 490 P 1981/7-77 1.2 Low W NGP 1,3 yes1. DOE, 1981, listing for Eastern OK #1 may be a duplicate of Southeast OK #1.
2. source: Green, I98I, and Fere, I98I. Not listed in DOE, 1981.
OREGON
Boardinan
Big Stone
Coleto Creek 
Limestone 
Parish, W.A.
Seymour, S.K. 
Deely, J.T, 
Canton
1 530 E-N 1980 1.2
SOUTH DAKOTA
1 414 E 1975 /̂6-70 3.0
the wrong on line date - gives it as 1976.
TEXAS
1 609 E-N 1960 1.22 604 P 1989 RNSPS1 750 P 1985 RNSPS2 750 P 1986 RNSPS5 734 E-N 1977 1.26 734 E-N 1979 1.27 600 E-N 1980 1.28 600 P 1983 1.21 600 E-N 1979 1.22 600 E-N 1980 1.21 #7 E-N 1977 1.22 447 E-N 1978 1.21 720 P 19862 720 P 1988
Low S NGP 1,2,3
NGP
PCD/
PGD/
PGD/
LS
LS
LS
LS
LS
LS
LS
LS
CO
CO
TX
TX
NGP
NGP
NGP
NGP
NGP
NGP
NGP
NGP
UK
UK
1,
1,
6
6
Yes
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
CD■DO
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CD
CD■DO
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CaO3"OO
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Q.
■D
CD
W<T\
Power Plant̂ Unit̂ NP MŴ beStatus Date* OlV oR® 302 f Regulation ^  gStrategy* Coal Sourcê Contract*
Pirkey 1 719 P 1985 1,2 PGD/99 TX 1,5 noWelsh 1 511 E-N 1977 1.2 LS NGP 1 yes
2 512 E-N I960 1.2 LS NGP 1 yes
3 512 P 1982 1.2 LS NGP 1 yesHarrington 1 360 E-N 1976 1.2 LS NGP 1 yes
2 343 E-N 1978 1.2 LS NGP 1 yes
3 360 E-N 1980 1.2 LS NGP 1 yesRoberts 1 675 P 1989 RNSPS m / UK 6 noTolks 1 568 P 1982 1.2 LS NGP 1 yes
2 568 P 1985 1.2 NGP 1 yesBig Brown 1 E 1971 3.0 LS TX 5 yes
2 E 1972 3.0 LS TX 5 yesForest Grove 1 793 P 1987 RNSPS fgd/ TX 5 yes
Martin Lake 1 793 E-N 1977 1.2 fgd/71 TX 1,5 yes
2 793 E-N 1978 1.2 fgd/71 TX 1,5 yes
3 793 E-N 1979 1.2 fgd/71 TX 1,5 yes4 793 P 1985 RNSPS FGD/ TX 1,5 yesMonticello 1 593 E 1974 3.0 none TX 1 yes2 593 E 1975 3.0 none TX 1 yes
3 793 E-N 1978 1.2 fgd/ TX 1 yesShandow 4 591 P 1981 1.2 fgd/75 NM 1,3 yes
Twin Oak 1 793 P 1985 RNSPS fgd/ TX 1,3 yes2 793 P 1986 RNSPS FGD/ TX 1,3 yes
Kemp 1 640 P 1987
FGD/
UK 6 no
Okilaunion 1 640 P 1987 RNSPS TX 1 no
Gibbons (teek 1 460 P 1982 1.2 FGD/ TX 1 yes
Sam Miguel 1 223 P 1981 1.2 PGD/ TX 1 yes
Unsited 1 500 P 1990 UK 6 no
c/)c/)
WASHINGTON
Centralia 1 665 E 1971 500 ppm WA 1 yes
2 665 E 1971 500 ppm WA 1 yes
Creuton 1 500 P 1987 PSD FGD/86 UK 5,6 no
(SWY or NGP)
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Power Plant̂ Unit̂ NP M
Alma 5 87
Genoa 6 3̂ 7Kankauna 1 150Blount Street 7 50Wisconsin (n/D) 670
Pleasant Prairie 1 6172 617South Oak Creek 5 2756 275
7 3188 324
Valley 1 136
2 136
Columbia 1 556
2 556Dewey, N. 2 114
Bdgewater 4 351
5 380Pullian 8 125Weston 2 75
3 3224 350
Unsited 2 400
Laramie River 1 550
2 550
3 550Bridger, J. 1 500
2 508
3 5084 508
30, 30,
Status Datê  OL̂ /OR̂  Regulation̂  Strategŷ  Coal Source*̂  Contract̂
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E i960
Ë 1969P 1986
E 1961
P 1986 RNSPS
E-N I960 1.2
P 1984 1.2
Ë i960
E 1961
E 1965E 1967E 1968
E 1969E 1975E-N 1978 1.2E 1962
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E 1964
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P 1982 1.2
P 1986 RNSPSP 1985
WYOMING
E-N i960 .2P 1981 .2P 1982 .2E 1974 .3E 1975 .3E-N 1976 .3E-N 1979 .2
UK no
PGD/ NGP 1.6 no
LS NGP 1 yes
LS NGP 1 yes
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LS
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NGP 1 yes
NGP 1 yes
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NGP 1 yes
NGP 1,6 noUK 6 no
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NGP
NGP
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SWY
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1.2.3 
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1,2
yes
yes
yes
yes
yes
yes
yes
Is
a
cocaucatotonm 4>v<]}a>a><i>a>a>oo 5*̂ C (3
0>
3
1%
m)
a
C S J W C M C V J C V J * - l - r ^ » H \ 0 \ 0
gM <Ua I
ÜÎ
a j s a a i a a a i i
c
34JN o5“I % CO to(MCSJ'̂ '̂ tOCvJCMŴrl T-l O: rt T-# 03g)g)
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APPENDIX F FOOTNOTES
^ a. A number of different data sources have been used to compile this index. In some cases the main data
m source for an item has been over ruled based on better or more current information. The data bases
I. for proposed power plants are seldom in agreement on plant sise and the projected on line date. In
w addition, 9Û2 control regulations for proposed plants are not well documented. Most plants coming
§ on line after 1985 were assigned the 1979 RNSPS.o
g" b. source; DOE, 1981 b. All coal plants 50 MW or larger and coming on line after 1959 are included in
g this appendix. This DOE document does not contain all the proposed power plaints in the U.S.; however,
5 many of the proposed plants are speculative or projected to come on line too fast, Bÿ using this
document and cross referencing it with a number of other documents, the resulting power plant data 
o base is improved.
r 0. E * existing; E-N = new existing - 1976-1980 on line date; P = proposed.
■n
3 d. Dates; OL = on line; OR = boiler order date.
e. Order dates are listed when ever possible. The main data source was: Kidder, Peabody, and Co., 1981a.CD ■DOQ. ro
ao
(jj f. source for existing plants; IGF Inc., 1^0.
sources for proposed plants: Smith, M. et al., 1980; Kidder, Peabody, and Co., 1981b.; and
PERC, 1981 and 1982. When an emission standard cannot be identified, the controlling regulation is listed.
g. source; FERC, 1980 and 1981, and reviews of the SO2 regulation and coal source.
h. Goal source was not assigned unless it was considered "firm." In a few cases the coal choice is "firm"
however, the power plant on line date is not. Since the NGP percent of MW's is used in the coal 
forecasting analysis, including the questionable on line dates does not create an over forecast, but
it does add more information to the projected NGP coal share. Due to time constraints, all the coal
sources for older existing plants are not assigned. Six different sources were used to determine the 
coal source for a plant and they are identified by number next to the coal source as follows;
1. Green, J., 1980 and Green, J. 1981.
2. Glass, G. 1980.
3. FERC, 1980 and FERC, 1981.
4. Montana Department of Natural Resources and Conservation, I98O.
5. White, D.M., 1981.
6. Harr, B.D, 1982. Subjective based on personal communijation with utilities and NGP Market 
Model results.
at
T 33§■ Appendix f Footnotes Continued
g
Cl
§ 1. source: FERC, I98O and FERC, 1961. FERC data was used for the new and proposed plants, while most
■g old existing plants were automatically given a yes. The contract information (yes or no) aided in
§ determining if the coal source was "firm."
%
8"O
CD
3.3-
CD
CD"OOC W2.
5' O3■DO
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APPENDIX G
This Appendix contains the power plant summary tables that are 
utilized to generate the NGP coal shares for the contract coal 
ccnpariscns in Chuter IV. The data in Tables G-1 to G-6 summarizes 
information presented in ̂ pendix D and ̂ pendix F. The percent share 
was calculated on a mega-watt basis because coal tonnage data is 
complicated by heat rate factors, heat content/ton and power plant 
capacity factors.
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TABLE G -1 .
Plant/Unlt
NGP Goal Share of New and Proposed Goal Electricity in Idaho, Oregon, 
Washington, and Wyoming. 1976-1990 Power Plants ^.
MW Utility Share {% State Share of Utility Share (MW) m  MT OR WA WY OTHER
New; 1976-1980 Power Plants (N)
Colstrip/2 358 Montana Power C0 ./5 0 179
Boardman/1 Puget Sound PWR & LGT/50 179530 Portland General Elec, C0 ./8O 
Idaho Power Co./lO 50
424
2 1
Wyodac/1 Pacific NW Generating Go./lO 26 26331 Pacific Power & LGT C0./8O 2 8 141 39 65 10
Laramie Riverai Black Hills PWR & LGT C0 ./2O 66550 Total Allocated to WY/lOO 550Jim Bridger 3&4 1016 Pacific Power & LGT/67 6 20 362 100 168 25Idaho Power Co./33 319 16 1TotalI New 2785 377 207 971 344 783 103NGP; New 1769 52 187 593 244 615 77NGP: % New (6495) (14*) (90*) (61*) (71*) (79*) (75*)
1981-1990 Proposed With Known Coal Source (PK)
Co1strip 3&4 1556 Montana Power G0 ./3O 467Puget Sound PWR à LGT./25 389Portland General Elec.Go./2 0 311Washington Water Power Co./I5 71 4 158Pacific Power and Light Co./lO 1 5 83 23 38 6Laramie River/ 1100 Total A.llocated to WY/lOO 1100
2 & 3Wyodac/2 330 Pacific Power and Light C0./8O 2 8 140 39 65 9Black Hills PWR & LGT G0 ./2O 66
Total: PK 2986 74 484 534 609 1203 81
NGP: PK 2986 74 464 534 609 1203 81NGP: %PK (100̂ ) (100*) (100*) (100*)(100*)(100*)(100*)
Total: N & PK 5771 451 691 1505 953 1986 184NGP: N & PK 4755 126 671 1127 853 1818 158NGP: % N & PK (82*) (28*) (97*) (75*) (90 )̂ (92*) (86*)
Footnotes;a. NGP coal share basé^on the distribution of MW's using the same procedure as explained 
in calculating the NGP share of current coal-fired electricity.
b. Power Plant information taken from Appendix B.c. All the plants have been identified as having strict SO2 control requirements, 
although Boardman and Jim Bridger #3 do not have FGD. Since both SWY and NGP 
are low Sulfur this simplified the analysis.
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TABLE C-2. Best Estimate of NGP's Current Share of Goal-Fired Electricity
(1979-1980) in the Current NGP Market Area.
State
Best Estimate of Actual 
Current Total Coal Electricity (10° KWhr)
Best Estimate of Current 
NGP Coal Electricity ______ (106 KWhr)______
States Outside 1980 Base NGP Market :
INLO
TXSubtotal
65687
46364
112051
States Bisected by 1980 Base NGP Market:
AR
CO
IDFL
MI
MOOK
ORWA
WY
Subtotal
240217516
4381
66449
51364
43805
4716
117817304
.4536
214254
States Totally In 1980 Base NGP Markets
lA
KSMN
MT
NE
NDSDWI
Subtotal
15561
12566
17642
3598
6027110402814
2̂ 687
92935
2587318317232
23002
2402
4491 
221 
11585 
6819
1515
4716
5375
3232
185042206
96628108
17642
3598
3392110402814
7415
63671
Best Estimate of Current 
NGP Coal Electricity _______Share-^
4
100_2Z
21
100
26
5
17
133100
46
4441
20
6264
100
100
56
100
100
-g
Subtotal for 
States Bisected 
or In 307189
Total for All 
States 419240
105877
128879
34
31
243
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TABLE g~3. 1976-1980 New Goal-Fired Power Plant Additions (MW) for States in the
Current NGP Coal Market Area.
Total 1976-1980 NGP Coal 1976-1980 NGP %State fM W /# of units) (M W /# of units) of Total
States Outside 1980 Base NGP Market ;
IN 3875/7 0/0 0
TX 10029/17 6248/12 62Subtotal 13904 6248 45
States Bisected by I98O Base NGP Market;
AR 1262/2 1262/2 100CO 1765/5 396/1 22
ID 377/ 52/ 14
I L 1849/5 0/0 0
M I 1040/4 270/3 26MO 2762/5 726/1 26OK 3178/6 3178/6 100OR 971/ 593/ 61
WA 344/ 244/ 71
WY .783/ 615/ _Z2Subtotal 14331 7336 51
States Totally in 1980 Base NGP Market;
lA
KSMN
MT
NE
ND
SD
WI
Subtotal
1480/3
2126/3
1995/3
207/
1306/31004/2
117^2
9291
1480/3
2126/3
1995/3187/
1306/31004/2
1173/2
9271
100
100
100
90
100
100
100
100
Sub-
Total of States Bisected or In 23622
Total for 
All States 37526
Source; Appendix F
I6607
22855
70
61
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TABLE G-4. 1981-1990 Proposed Coal-Fired Power Plant Additions (MW) for
States in the Current NGP Coal Market Area.
Proposed with Proposed UsingTotal Proposed Known Coal Source NGP Coal NGP %State (MW/# of units) (MW/# of units) (MW/# of units) of Known
States Outside I960 Base NGP Market:
IN 8411/14 5811/12 0/0 0LO 6488/12 5088/10 3115/6 61TX 13412/21 10157/16 2248/4 22Subtotal 28311 21056 5363 25
States Bisected by 1980 Base NGP Market:
AR 4500/6 3000/4 2250/3 75CO 4194/9 1754/4 1307/3 75ID — — — 74/ 74/ 100IL 4690/9 1390/3 0 /0 0MI 1917/8 1647/5 1394/2 85MO 1981/5 1981/5 726/1 37OK 4509/9 3009/6 3009/6 100OR --- 534/ 534/ 100WA -— 609/ 609/ 100WY —-- 1203/ 1203/ tooSubtotal 21791 15201 11106 73
States Totally in 1980 Base NGP Market :
lA
KSMN
MT
NE
ND
SDWI
Subtotal
2702/6
1605/4
1415/3
1485/4
2463/6
2889/7
12559
2152/51605/4
800 /1484/
835/32463/6
2J122Z510678
1442/31605/4800/1
484/
835/32463/6
2322/59968
67
100
100
100
100
100(100)
100
93
Sub-
Total of States 
Bisected or In 34350
Total for 
All States 62661
Source; Appendix F
25879
46935
245
21074
26437
81
56
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TABLE G-5. NGP Market Shares Based on 1976-1990 New and Proposed Coal-Fired 
Power Plants in the Current NGP Market Area with Strict SO2 
Control Regulations: 1979 RNSPS or Percentage Removal PSD.
Total Known State MW/# units
States Outside 1980 Base NGP Market:
NGP Known 
MW/# units
Source: Appendix F
NGP %
IN 3180/6 0/0 0LO 1254/3 0/0 0TX 6591/9 0/0 0Subtotal 11025 Ô/Ô 0
States Bisected by 1980 Base NGP Market:
AR 750/1 0/0 0CO 2096/5 755/2 36ID 451/ 126/ 28IL 790/2 0/0 0MI 210/2 0/0 0MO 1746/4 726/1 42OK 1767/3 1767/3 100OR 1505/ 1127/ 75WA 953/ 853/ 90WY 1966/ 1818/ _22Subtotal 12254 7172 59
States Totally : 
lA
in 1980 Base NGP Market:
550/1 0/0 0KS 2795/5 2795/5 100MN 2240/3 2240/3 looMT 691/ 671/1 97NE —  — -- — — —
ND 3467/8 3467/8 100SD —  —  — — — — —  —  —
WI 1020/2 1020/2 100
Subtotal 10763 10193 95
Subtotal of 
States Bisected or In 23017 17365 75
Total for
All States 34042 17365 51
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TABLE G-6. Best NGP Goal Contract Share for Forecasting 1990 NGP Coal Demand;
1976-1990 New and Proposed Coal-Fired Power Plant Additions with Known Goal Sources in the Current NGP Market Area.
Total 1976-1990 New and Total 1976-1990 NGP % EstimateProposed with Known Coal Using NGP Goal of NGP %State Sources (MW/#of units) (MW/# of units) Known Range
States Outside i960 Base NGP Market;
IN 9686/19 0/0 0 0-21LO 5088/19 3115/6 61 48-70TX 20186/55 8496/16 42 36-50Subtotal 34960 lléll 33
States Bisected by 1980 Base NGP Market;
AR 4262/6 3512/5 82 61-87CO 3519/9 1703/4 48 29-63ID 451/ 126/ 28 — — —IL 3239/8 0 /0 0 0-50MI 2687/9 1664/5 62 56-65MO 4743/10 1452/2 31 31-31OK 6187/12 6187/12 100 80-100OR 1505/ 1127/ 75 —  —  »  —WA 953/ 853/ 90WY 1986/ 1818/Subtotal 29532 18442 62
States Totally in 1980 Base NGP Market Area;
lA 3632/8 2922/6 80 70-83
KS 3731/7 3731/7 100 100-100MN 2795/4 2795/4 100 82-100MT 691/ 671/ 97 ——NE 2141/6 2141/6 100 77-100
ND 3467/8 3467/6 100 100-100
SD —— — (100) ——WI 3512/2 3512/7 100 86-100Subtotal 19969 19239 96
Subtotal for
States Bisected
or In 49501 37681 76
Total for
All States 84418 49292 58
Source; Appendix F
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